LNG Small Scale Bunkering Services - La Spezia Port case study: potential scenarios
for LNG supply, associated costs, energy consumption, GHGs and air pollutants for
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It	 is	 widely	 recognized	 that	 the	 use	 of	 liquefied	 natural	 gas	 (LNG)	 instead	 of	 conventional	 residual	 and	
distillate	 fuels	will	 substantially	 reduce	emissions	of	oxides	of	nitrogen	 (NOx),	 sulphur	dioxide	 (SO2),	 and	
particulate	 matter	 (PM).	 Nonetheless,	 considerable	 uncertainty	 remains	 about	 the	 net	 effects	 of	 LNG-
fuelled	vessels	on	emissions.	At	 issue	are	the	upstream	greenhouse	gas	(GHG)	emissions	(mainly	CO2	and	
methane)	 impacts	 of	 LNG,	 including	 the	 energy	 required	 to	 transport	 and	 handle	 the	 fuel	 as	well	 as	 the	
leakage	of	 natural	 gas	 into	 the	 atmosphere,	which	 are	 highly	 pathway-specific	 and	 should	 be	 taken	 into	
account	when	a	supply	chain	for	Small	Scale	LNG	bunkering	is	to	be	set	up.			
As	 of	 2014,	 the	 Alternative	 Fuels	 Infrastructure	 Directive	 (AFID)	 requires	 Member	States	 to	 ensure,	 by	
means	of	their	National	Policy	Frameworks	(NPF),	that	an	appropriate	number	of	refuelling	points	for	LNG	
are	put	 in	place	at	maritime	ports,	 to	enable	LNG	seagoing	 ships	 to	circulate	 throughout	 the	TEN-T	Core	
Network	by	31	December	2025.	Following	DAFI	Adoption,	Italy	has	transposed	the	Directive	in	its	legislative	
framework	(D.lgs.	257/2016),	developed	the	NPF	for	natural	gas	deployment	and	 launched	the	GAINN_IT	
Initiative,	coordinated	by	 the	 Italian	Ministry	of	Transport	and	 Infrastructure,	with	 the	aim	of	conceiving,	
defining,	 prototyping,	 testing,	 validating	 and	 deploying,	 in	 the	 period	 2017-2030,	 the	 Italian	 Network	 of	
Infrastructures	of	Alternative	Fuels	(LNG	in	particular)	for	maritime	and	surface	transport	as	requested	by	







logistic	 constraints.	 The	 potential	 demand	 for	 LNG	 in	 the	 Port	 of	 La	 Spezia	 has	 been	 considered	 and	
elaborated	 grounding	on	publicly	 available	 data	 and	model	 validated	within	 the	GAINN_IT	 Initiative.	 The	
existing	 SNAM	owned	and	GNL	 Italia	operated	 regasification	 terminal	of	Panigaglia	has	been	analysed	 in	





Different	 scenarios	 for	 ensuring	 adequate	 supply	 to	 cover	 the	 entire	 LNG	 demand	 have	 been	 studied	
considering	 the	 existing	 supply	 sources	 in	 Europe,	 resulting	 in	 simulations	 on	 costs	 and	 transit	 time	 for	
supplying	 of	 LNG	 from	 selected	 terminals	 of	 origin	 and	 assessments	 of	 supplying	 of	 LNG	 by	 barge	 from	
Panigaglia	or	by	tanker	from	international	terminals	through	different	pathways.		




As	a	 result,	 the	paper	 looks	 into	 the	overall	aspects	of	 the	small	 scale	LNG	chain	 in	 the	Port	of	La	Spezia	
from	 a	 technical,	 energy,	 environmental	 and	 economical	 point	 of	 view,	 providing	 insights	 to	 further	









IMO	 is	a	specialized	agency	of	 the	United	Nations.	 It	has	responsibility	 for	 the	regulation	of	 international	
shipping,	in	particular	for	the	safety	of	life	at	sea	and	the	prevention	of	marine	pollution.		
IMO	has	been	working	to	reduce	harmful	impacts	of	shipping	on	the	environment	since	the	1960s,	and	the	
International	 Convention	 for	 the	 Prevention	 of	 Pollution	 from	 Ships	 (MARPOL)	 is	 the	main	 international	
convention	covering	prevention	of	operational	or	accidental	pollution	of	the	marine	environment	by	ships.	
Annex	 VI	 to	 the	MARPOL	 Convention	was	 adopted	 in	 1997,	 to	 address	 air	 pollution	 from	 shipping.	 The	
regulations	 for	 the	 Prevention	 of	 Air	 Pollution	 from	 Ships	 seek	 to	 control	 airborne	 emissions	 from	 ships	
(sulphur	 oxides	 (SOx),	 nitrogen	 oxides	 (NOx),	 ozone	 depleting	 substances	 (ODS),	 volatile	 organic	
compounds	 (VOC)	 and	 shipboard	 incineration)	 and	 their	 contribution	 to	 local	 and	 global	 air	 pollution,	
human	 health	 issues	 and	 environmental	 problems.	 Annex	 VI	 entered	 into	 force	 on	 19	May	 2005	 and	 a	
revised	Annex	VI	with	significantly	strengthened	requirements	was	adopted	in	October	2008.		
These	 regulations	entered	 into	 force	on	1	 July	2010	and	 introduced	a	 global	 limit	 for	 sulphur	 content	of	
ships’	 fuel	 oil,	 with	 tighter	 restrictions	 in	 designated	 emission	 control	 areas.	 Since	 2010,	 further	
amendments	to	Annex	VI	have	been	adopted,	including	amendments	to	introduce	further	Emission	Control	
Areas	 and	 progressive	 reductions	 in	NOx	emissions	 from	marine	 diesel	 engines	 installed	 on	 ships,	with	 a	
"Tier	II"	emission	limit	for	engines	installed	on	a	ship	constructed	on	or	after	1	January	20111;	and	a	more	















The	 limits	 introduced	 apply	 to	 all	 fuel	 oil,	 combustion	 equipment	 and	 devices	 onboard	 and	 therefore	
include	both	main	and	all	auxiliary	engines	together	with	items	such	boilers	and	inert	gas	generators.	These	
controls	 divide	 between	 those	 applicable	 inside	ECAs	established	 to	 limit	 the	 emission	 of	SOx	and	



































2016	saw	the	Tier	 III	nitrous	oxide	(NOx)	requirement	 for	new	build	vessels	come	 into	force.	Looming	on	
the	 horizon	 is	 also	 the	 real	 possibility	 of	 the	 establishment	 of	 more	 ECAs	 around	 the	 world	 such,	 as	
previously	said,	the	Mediterranean	Sea	of	part	thereof.		
The	date	of	1	January	2020	was	set	in	the	regulations	adopted	in	2008.	However,	a	provision	was	adopted,	














Directive	 2012/32/EU,	 dated	 21	 November	 2012,	 which	 is	 aligned	 with	 the	 IMO	 Annex	 VI,	 there	 is	 no	
possibility	 in	 Europe	 to	 move	 the	 0.5%	 sulphur	 limit	 on	 post	 2020.	 In	 addition,	 it	 is	 currently	 under	
discussion	to	introduce	the	stringent	requirements	of	ECAs	in	all	EU	waters.	




In	 the	background	of	 this	 study,	 globally	 adopted	measures	 are	 as	 important	 as	 those	 that	 have	 a	more	
limited	 geographical	 coverage.	 The	 Clean	 Power	 for	 Transport	 Package	 assembled	 by	 the	 European	
Commission	 consists	 of	 4	main	 elements,	 all	 adopted	 by	 the	 Commission	 on	 a	 provisional	 phase	 on	 24	
January	2013:		









• an	 accompanying	 Impact	 Assessment	 SWD	 (2013)	 5	 final,	 together	 with	 its	 relative	
Summary	SWD	(2013)	6	final	(EC,	2013_4).	







Thus,	 these	 Commission	 documents	 propose	mandatory	 requirements	 for	 the	 build-up	 and	 coverage	 of	
alternative	fuels	infrastructures	for	transport,	together	with	common	technical	standards	needed	for	their	
construction	 and,	 most	 importantly,	 that	 could	 ensure	 the	 interoperability	 of	 the	 infrastructures	
themselves.	
Additionally,	the	package	of	measures	includes	also	the	establishment	of	two	debate	and	negotiation	talks.	
On	 the	 one	 hand	we	 find	 a	 European	 Sustainable	 Shipping	 Forum	 (ESSF)	 that	will	 address	 a	 sustainable	
waterborne	 transport	 toolbox,	 gathering	 the	 relevant	public	 and	 industry	 stakeholders	 to	provide	 advice	





strategy”	 sets	 out	 a	 comprehensive	 fuels	 strategy	 concerning	 alternative	 fuels	 and	 the	 road	 to	 its	
implementation	 covering	 all	modes	 of	 transport,	 aiming	 at	 establishing	 a	 long-term	policy	 framework	 to	
guide	technological	development	and	investments	in	the	deployment	of	such	fuels,	also	giving	confidence	
to	consumers.		
It	must	be	noticed	 that	 the	strategy	proposed	 in	 the	Communication	builds	on	substantial	work	not	only	
with	industry,	but	also	with	public	authorities	and	civil	society.	In	fact,	evidences	of	such	a	commitment	can	
be	 found	 in	 the	outcomes	of	 the	European	Expert	Group	on	Future	Transport	Fuels	 (EC,	2011),	 the	 Joint	
Expert	Group	Transport	&	Environment,	CARS	21	High	Level	Group,	public	consultation,	and	studies.	
These	 efforts	 towards	 a	 decarbonized	 transport	 sector	 find	 their	 common	motivation	 in	 Europe’s	 heavy	
dependency	on	oil	 for	 its	mobility.	As	well	recalled	in	the	Communication,	oil	counted	in	2010	for	94%	of	
energy	 consumed	 in	 transport	 that,	with	 55%,	 results	 to	 be	 the	 largest	 consumer.	 By	 simply	 considering	




substitute	oil	whilst	 contributing	 to	 reduce	GHG	emissions	 from	 transport.	 These	considered	alternatives	





will	 be	 discussed	 more	 in	 detail	 later	 on	 in	 this	 study,	 whereas	 the	 Communication	 provides	 general	




One	 of	 the	 topics	 which	 the	 Communication	 Clean	 Power	 for	 Transport	 mostly	 focuses	 on	 is	 the	
achievement	 of	 a	 fuel	 mix	 that	 will	 further	 reduce	 GHGs	 emissions,	 could	 entail	 also	 significant	 costs’	
abatement	in	the	transport	sector	and	will	boost	EU	competitiveness	avoiding	market	distortions.	


















fuels	 presented	 in	 the	 previous	 table,	 it	 must	 be	 considered	 that	 for	 vessels	 only	 a	 few	 technological	
options	are	contemplated.	
In	fact,	exception	made	for	biofuels,	whose	consumer	acceptance	has	unfortunately	been	hampered	by	the	
lack	 of	 coordinated	 action	 across	 Member	 States	 when	 introducing	 new	 fuel	 blends,	 LNG	 is	 the	 only	
remaining	alternative	particularly	suited	for	long-distance	freight	and	passenger	transport.	This	assessment	
has	 surely	 taken	 into	 account	 the	 impellent	 need	 for	 vessels	 to	meet	 the	 new	 limits	 set	 by	 the	 IMO	 for	
sulphur	content	in	marine	fuels	in	Sulphur	Emission	Control	Areas	(SECAs)	in	the	Baltic	Sea,	North	Sea	and	
English	 Channel,	 as	 previously	 recalled	 in	 this	 paper.	 Another	 short-term	 benefit	 deriving	 from	 the	
widespread	use	of	LNG	in	shipping,	as	highlighted	in	the	Communication,	is	that	LNG	in	shipping	could	be	
economically	 viable,	 with	 current	 EU	 prices	 considerably	 lower	 than	 for	 heavy	 fuel	 oil	 and	 low	 sulphur	
marine	gasoil.		
Finally,	it	has	been	stressed	that	LNG	would	be	an	attractive	alternative	also	on	the	long	run	for	those	ships	
operating	outside	SECAs,	where	sulphur	 limits	will	have	 to	decrease	globally	 from	3.5%	to	0.5%	as	of	1st	
January	2020	(pending	IMO’s	future	amendments).	
To	 further	 underline	 and	 legitimate	 the	 right	 direction	 taken	 by	 this	 study,	 it	 must	 be	 noted	 that,	 as	
anticipated	 by	 the	 Communication	 Clean	 Power	 for	 Transport	 and	 being	 understood	 the	 concept	 of	
technology	neutrality,	priorities	for	further	action	are	needed	to	be	set	according	especially	to	the	stage	of	
technological	maturity	of	each	solution.			
As	 finally	 concerns	Member	 States’	 commitment	 in	 the	 realization	 of	 the	 shift	 to	 alternative	 fuels,	 it	 is	
expected	 that	 these	 won’t	 have	 only	 to	 respect	 a	 regulation	 on	 a	 mandatory	 basis.	 Since	 targets	 are	
ambitious	and	the	time	span	is	short,	it	is	therefore	highly	desirable	that	each	Country	could	count	on	the	
backing	of	the	European	Union	in	elaborating	and	implementing	its	national	plan.		
In	 this	 regard,	 and	being	aware	of	 the	 current	 transitional	phase	 that	will	 be	probably	 replaced	by	 rapid	
market	 developments	 and	 technological	 improvements,	 it	 is	 important	 to	 recall	 the	 Communication’s	
statement	 according	 to	 which	 the	 Commission	 will	 continue	 to	 support	 Member	 States,	 review	 their	
progress	and	propose	any	necessary	changes	and	adjustments.	
With	 its	 Communication	 COM(2013)	 17	 as	 first	 element	 of	 the	 Clean	 Power	 for	 Transport	 Package,	 the	
European	 Commission	 intended	 to	 catalyse	 the	 transformation	 of	 Europe's	 energy	 supply	 for	 transport,	










infrastructure	 and	 the	 implementation	 of	 common	 technical	 specifications	 for	 this	 infrastructure	 in	 the	
Union,	the	lack	of	which	is	considered	a	major	obstacle	to	the	market	introduction	of	alternative	fuels	and	
to	 consumer	 acceptance.	 Additionally,	 the	 development	 of	 such	 infrastructure	 is	 firmly	 required	 to	 be	
achieved	 on	 a	 harmonized	 basis	 across	 the	 whole	 European	 Union	 network,	 in	 order	 to	 ensure	
interoperability.	
Thus,	 the	 draft	 Directive	 recalled	 the	 European	 Commission’s	White	 Paper	 (EC,	 2011)	 goals	 in	 terms	 of	
achieving	 the	 take-up	 of	 the	 alternative	 fuel	 vehicles’	 and	 vessels’	 market	 announced	 in	 it,	 but	 with	 a	
special	care	to	the	current	economic	climate.	As	a	result,	 that	 initiative	was	more	 likely	to	be	 in	 line	with	
stakeholders’	expectations,	since	it	provides	a	political	market	trigger	that	sets	out	to	create	incentives	and	
send	signals	for	investments.	
The	 main	 alternative	 fuel	 options	 considered	 by	 the	 Directive	 were	 those	 anticipated	 by	 the	 strategy	
proposed	with	the	Communication	COM(2017).	On	the	other	hand,	in	the	Impact	Assessment	SWD(2013)	5	














• Requires	Member	 States	 to	 develop	 national	 policy	 frameworks	 for	 the	market	 development	 of	
alternative	fuels	and	their	infrastructure;	
• Foresees	the	use	of	common	technical	specifications	for	recharging	and	refuelling	stations;	







































As	 far	 as	 the	 state	 of	 play	 for	 NPFs	 implementation	 in	 the	 EC’s	 Staff	 Working	 Document	 (EC,	 2017)	 is	
concerned,	it	is	noted	that	the	completeness,	coherence	and	ambition	of	the	NPFs	vary	greatly.	By	the	end	
of	2017,	only	8	out	of	25	NPFs	fully	met	 the	NPF	 requirements.	Two	Member	States	have	not	 submitted	
their	NPF	until	the	last	year.		
The	NPFs	are	not	coherent	 from	an	EU	perspective	 in	terms	of	 the	priorities	 they	set	and	how	ambitious	
they	are	with	regard	to	different	alternative	fuels.	Member	States’	ambition	to	change	the	current	state	of	
affairs	varies	a	 lot,	both	 in	 terms	of	projected	deployment	of	vehicles	and	vessels	 running	on	alternative	


















2009)	 the	 IGF	 Code	 was	 developed.	 Containing	 what	 is	 today	 the	 best	 collection	 of	 provisions	 for	 the	
design,	 construction	 and	 operation	 of	 LNG	 fuelled	 ships	 the	 IGF	 Code	 entered	 into	 force	 on	 1st	 January	
2017	and	is	the	central	focus	of	this	section.	Its	functional	requirements	are	further	outlined	in	this	section	
and	 a	 parallel	 is	 established	 with	 the	 whole	 LNG	 bunkering	 interface,	 making	 the	 relation	 that	 similar	
functional	requirements	should	be	applicable	throughout	the	entire	LNG	bunkering	scenario.		
On	its	own,	the	IGF	Code	represents	a	highly	relevant	instrument,	defining	the	safety	requirements	for	the	






• Section	18.4	–	Regulations	 for	Bunkering	Operations:	description	of	operational	procedures	 to	be	
followed	for	LNG	bunkering,	with	the	description	of	the	particular	responsibilities	for	the	PICs	and	
operational	 aspects	 related	 to	 communications,	 control	 and	 safety	 systems	 and	 verification	 of	
conditions	for	bunkering)	








• Section	 15.5	 –	 Regulations	 for	 bunkering	 control:	 LNG	 bunkering	 control	 aspects,	 including	
requirements	for	LNG	bunkering	control	location.	








obligations	 related	 to	 the	use	of	 fuels	 covered	by	 the	Directive	and	 the	placing	on	 the	market	of	 certain	
fuels	 (e.g.	 marine	 gas	 oils).	 The	 Directive	 had	 been	 previously	 amended	 by	 Directive	 2012/33/EU,	 now	
repealed,	in	order	to	further	adapt	the	European	Union's	legislation	to	developments	at	international	level	
under	MARPOL	Annex	VI	as	already	previously	noted.	Furthermore,	passenger	ships	operating	on	regular	
services	 to	or	 from	any	EU	port	shall	not	use	marine	 fuels	 if	 their	 sulphur	content	exceeds	1.50	%	 in	sea	
areas	outside	the	SECAs.	
The	 relevance	 of	 the	 Sulphur	 Directive	 in	 the	 context	 of	 LNG	 as	 fuel	 comes	 in	 the	 terms	 of	 Article	 8,	
according	to	which	Member	States	shall	allow	the	use	of	emission	abatement	methods	(EAMs)	by	ships	of	
all	 flags	 in	 their	 ports,	 territorial	 seas,	 exclusive	 economic	 zones	 and	 pollution	 control	 zones,	 as	 an	
alternative	 to	 using	marine	 fuels.	 Being	 an	 alternative	 fuel,	 LNG	 is	 eligible	 to	 be	 considered	 an	 Emission	
Abatement	Method,	and	its	use	should	be	allowed	in	ships	of	all	flags	in	ports,	territorial	seas	and	economic	
exclusive	zones	of	the	EU.	Ships	using	EAMs	in	these	areas	shall	continuously	achieve	reductions	of	sulphur	





a	 framework	 for	 the	provision	of	port	 services,	and	common	rules	on	 financial	 transparency	and	on	port	




Regulation	 (EU)	 2017/352	 includes	 a	 large	 number	 of	 concepts	which	 are	 relevant	 in	 the	 context	 of	 this	
Guidance.	 The	 concept	 of	 “bunkering”,	 “competent	 authority”	 and	 “managing	 body	 of	 the	 port”	 are	 all	
related	directly	 to	 the	present	Guidance,	and	 their	definitions	are	adopted	 in	 this	document	 (see	section	
1.4)	with	 the	 intention	 to	use	 this	 regulation	as	 an	 immediate	 legal	 reference	 to	 good	practice	 guidance	
included	 in	 this	document.	LNG	bunkering	 is	directly	within	 the	scope	and	applicability	of	 this	Regulation	
(Chapter	II,	Article	1).	The	aim	of	Regulation	(EU)	2017/352	is	to	‘level	the	playing	field’	in	the	sector,	and	
create	 a	 climate	more	 conducive	 to	 efficient	 public	 and	 private	 investments.	 The	 Regulation	 defines	 the	
conditions	 under	 which	 the	 freedom	 to	 provide	 port	 services	 apply,	 for	 instance	 the	 type	 of	 minimum	




high	 environmental	 performance	 and	 energy	 or	 carbon	 efficiency	 of	 transport	 operations.	 It	 places	
particular	 emphasis	 on	 the	 consultation	 of	 port	 users	 and	 other	 stakeholders.	 It	 requires	 each	Member	









requirement	 to	communicate	 information	on	potential	major-accidents	with	dangerous	substances	on	 its	
establishments.	Transport	outside	establishments	and	directly	 related	 intermediate	 temporary	 storage	of	





5	 The	 Seveso	 III	 Directive	 does	 not	 differentiate	 between	 onshore	 and	 offshore.	 To	 this	 end,	 as	 an	 example,	 a	 ship	 or	 another	










must	 include	 identification	 and	 assessment	 of	major	 hazards	 and	 necessary	measures	 to	 prevent	major	
accidents.	 Other	 requirements	 include	 a	 safety	 management	 system	 and	 emergency	 plan.	 Loading	 and	








Despite	 being	 clear	 regarding	 the	 non	
applicability	 of	 Seveso	 III	 Directive	 to	 LNG	
transport,	 there	 are	 cases	 where	 temporary	
situations	 will	 require	 additional	 judgement.	
Some	examples	are	presented	below:	
	
1. LNG	 truck	 trailer	 left	 temporarily	 in	 LNG	
Bunkering	location	
	




to	 necessary	 intermediate	 storage	 in	 the	 transport	
chain.	 Whilst	 the	 unloading	 of	 trucks/containers	 does	
not	define	the	location	as	a	Seveso	establishment	there	
may	be	 implications	 for	 the	 location	where	 the	 loading	
takes	 place7.	 If	 it	 takes	 place	 within	 a	 site	 which	 is	
already	 classified	 as	 a	 Seveso	 establishment,	 the	
































e.g.	 whether	 or	 not	 the	 storage	 is	 temporary.	 The	
exclusion	 in	 Article	 2(2)	 (c)	 only	 applies	 to	 temporary	
storage	 ‘outside	 the	 establishment’.	 In	 this	 case	 the	
relevant	 Seveso	 establishment	 would	 have	 to	 consider	
the	 activities	 within	 or	 nearby	 its	 establishment	 as	 a	




dangerous	 substances	 are	 present,	 though	 below	 the	
thresholds),	 then	 it	 will	 be	 important	 to	 assess	 the	
temporary	character	of	 the	 loading.	 In	the	 light	hereof,	
it	would	play	a	role	how	often	and	how	long	the	fuelling	
activity	 l	 takes	 place	 at	 the	 location.	 If	 there	 is	 a	
frequent	 presence	of	 at	 least	 50	 tonnes	 of	 LNG	over	 a	
longer	period	of	time	it	could	be	argued	that	there	was	
a	 de-facto	 (semi-)	 permanent	 presence	 of	 a	 certain	
amount	of	a	dangerous	substance	(i.e.	LNG)	at	a	certain	
location,	 even	 if	 the	 actual	 truck	 or	 mobile	 container	
changes.	In	which	case	the	operator	responsible	for	the	
location	 may	 have	 to	 check	 with	 the	 competent	
authorities	 whether	 the	 location	 might	 have	 to	 be	
considered	 a	 Seveso	 establishment	 or	 the	 de-facto	
(semi-)permanent	presence	of	the	LNG	may	have	to	be	
added	to	 the	 inventory	of	dangerous	substances	at	 the	
location.	 However,	 LNG	 (or	 any	 other	 fuel)	 that	 is	
actually	 used	 to	 fuel	 vehicles	 (i.e.	 contained	 in	 the	
corresponding	fuel	tank	of	the	vehicle)	is	not	taken	into	
account	Following	the	above,	the	applicability	of	Seveso	
III	 Directive	 requirements	 to	 intermediate	 storage	
situations,	as	the	ones	presented	in	1,	2	and	3	should	be	
subject	to	case-by-case	assessment	by	the	BFO	and	PAA,	
in	 consultation	 with	 the	 competent	 authorities,	 which	












in	 intermediate	 storage	 •	 Whether	 or	 not	 the	
intermediate	 storage	 is	 directly	 related	 to	 transport	
outside	 Seveso	 establishments	 •	 Duration	 and	
frequency	 of	 the	 intermediate	 storage	 •	 Other	 risk	
factors	 at	 the	 location	 or	 in	 its	 proximity	 such	 as	
intermediate	 storage	 of	 other	 hazardous	 substances.	
The	particular	case	of	the	ISO	containers	may	be	further	
divided	 in	 3	 (three)	 different	 situations:	 1)	 LNG	 ISO	
container	at	the	end	of	the	transport	chain;	2)	LNG	ISO	
unit	 cargo	 in-between	 the	 transport	 chain;	 3)	 LNG	 fuel	
units	 for	 ISO	 bunkering	 of	 LNG	 fuelled	 ship.	Whenever	
considered	as	part	of	an	“LNG	Virtual	Pipeline”	concept,	
these	 LNG	 ISO	 containers	 can	 be	 potentially	waiting	 in	
the	 port	 area	 for	 embarkation	 on-board	 a	 container	
vessel	 to	 a	 different	 destination.	 For	 any	 of	 the	 cases	
presented	 above	 it	 is	 important	 to	 identify	 the	 end	 of	
the	 actual	 transport	 chain	 and,	 again,	 to	 address	
intermediate	 storage	 considering	 the	 elements	 listed	
above.	





• Seveso	 III	 does	 not	 apply	 to	 mobile	 units	 undertaking	 transport	 of	 LNG	 outside	 Seveso	
establishments.	The	bunkering	operation	in	itself,	being	part	of	the	logistic	chain,	is	also	part	of	the	
LNG	 distribution.	 Article	 2(2)(c),	 therefore,	 typically	 applies	 to	 LNG	 trucks	 and	 LNG	 bunkering	







• Competent	 Authorities	 for	 Seveso	 III	 Directive	 requirements,	 at	 national	 level,	 should	 engage	
periodically	with	 PAAs	 to	 assess	 specific	 situations	 that	may	 result	 from	 continuously	 developing	
LNG	bunkering	technology.		





Directive	 2011/92/EU	 of	 the	 European	 Parliament	 and	 of	 the	 Council	 of	 13	 December	 2011	 on	 the	
assessment	 of	 the	 effects	 of	 certain	 public	 and	 private	 projects	 on	 the	 environment,	 as	 amended	 by	






EIA	Directive	specifies	no	specific	 thresholds	or	criteria	 for	 ‘storage	of	gas’	 (LNG)	 installations,	during	 the	
screening	procedure	the	national	authorities	must	take	into	account	the	criteria	laid	down	in	Annex	III.	The	
EIA	 Directive	 also	 specifies	 the	 requirements	 on	 participation	 of	 environmental	 authorities,	 local	 and	
regional	authorities,	affected	Member	States	as	well	as	the	public	in	the	process.	Together	with	Seveso	III,	
the	 EIA	 Directive	 can	 be	 a	 relevant	 instrument	 for	 LNG	 bunkering	 projects,	 especially	 with	 regards	 to	
Permitting	processes.	As	LNG	bunkering	projects	fall	under	Annex	II	of	the	EIA	Directive	and	Member	States	
may	have	 introduced	different	thresholds	or	criteria	 for	 this	 type	of	projects,	 it	 is	 important	to	verify	 the	
applicable	 national	 legislation.	 The	 Directive,	 as	 such,	 aims	 to	 set	 the	 framework	 for	 EIA	 and,	 national	
legislation	 to	 provide	 for	 the	 technical	 measures.	 As	 indicated	 above,	 it	 is	 the	 responsibility	 of	 each	
Member	 State	 to	 identify	 the	 thresholds	 and/or	 criteria	 for	 LNG	 storage	 capacity	 above	 which	 the	









The	 transport	 of	 hazardous	 goods	 by	 road	 is	 covered	 in	 the	 European	 Agreement	 concerning	 the	
International	Carriage	of	Dangerous	Goods	by	Road,	commonly	known	as	ADR	(‘Accord	européen	relatif	au	
transport	international	des	marchandises	dangereuses’)	from	the	Economic	Commission	for	Europe	(UNECE	
or	 ECE).	 The	 ADR	 is	 translated	 and	 included	 in	 the	 national	 legislation	 of	 the	 applicable	 countries.	 The	
Agreement	 itself	 is	 short	and	simple.	The	key	article	 is	 the	second,	which	describes	 that,	excluding	some	
excessively	 dangerous	 goods,	 other	 dangerous	 goods	may	be	 transferred	 internationally	 in	 road	 vehicles	








The	 LNG	 bunkering	 operations	 which	 the	 Port	 of	 La	 Spezia,	 object	 of	 this	 study,	 is	 expected	 to	 be	
experiencing	in	the	coming	years,	will	be	likely	carried	out	following	the	prescriptions	of	the	Guidance	on	






















The	High	Level	 includes	the	 instruments	that	have	been	dealt	with	 in	section	1	of	this	study,	whereas	for	
the	 standards,	 the	 class	 rules	 and	 industry	 guidance,	 reference	 to	 the	 EMSA	 Report	 is	 to	 be	 made	 for	
further	deepening	the	subject.	
Yet,	 being	 Port	 Regulations	 the	 best	 vehicle	 to	 integrate	 all	 the	 hierarchy	 for	 the	mentioned	 regulatory	
instruments,	a	focus	on	those	is	here	provided.		
On	one	hand	including	the	higher	level	instruments	and,	on	the	other,	bringing	the	reference	to	Technical	
and	 International	 Standards,	 Port	 Regulations	 are,	 in	 fact,	 important	 in	 the	 adequate	 definition	 of	 the	
complete	legal	and	administrative	framework	for	LNG	bunkering.	
A	number	of	recommendations	are	given	by	EMSA	when	it	comes	to	shaping	Port	Regulations	in	EU	Ports,	
of	which	 the	 following	 selection	 is	 relevant	 to	highlight	 the	 relationship	between	 local	and	wider-scoped	
instruments,	b):	
• Ports	should	set	rules	to	control	LNG	Bunkering,	and	small	scale	LNG	installations,	by	themselves,	in	
the	 context	 and	 frame	 of	 their	 jurisdiction	 and	 meeting	 closely	 the	 relevant	 national	 and	
international	 applicable	 legislation.	 Ports	 should,	 in	 this	 respect,	 note	 that	 the	 alignment	 of	 port	
regulations/byelaws	with	 the	 full	 hierarchy	 of	 legal/reference	 instruments	 is	 fundamental	 to	 the	
harmonized	and	safe	development	of	LNG	Bunkering.		
• When	developing	Port	Regulations	specifically	 for	LNG	bunkering	PAAs	should	align	these	with	all	
the	 relevant	 regulatory	 references	 affecting	 the	 use	 of	 LNG	 as	 an	 alternative	 fuel	 in	 shipping,	
handling	of	hazardous	substances	within	the	port	area,	transport	of	hazardous	substances	by	road	
and	waterways.		
• The	 applicable	 regulatory	 frame,	 for	 each	 individual	 Port,	 will	 be	 the	 sum	 of	 the	 different	
instrument	 types.	 Ports	 should	 develop	 their	 regulations	 in	 strict	 observation	 of	 the	 available	
instruments,	allowing	 in	addition	for	additional	 justifiable	provisions	 in	order	to	 improve	safety	 in	
LNG	 bunkering	 operations	 (e.g.	 in	 the	 case	 of	 lessons	 learnt	 from	 casualties,	 incidents	 or	 near	
misses).		









represent	 important	elements	 in	 the	 transfer	of	both	LNG	as	 fuel	and	LNG	as	cargo.	They	should	
therefore	be	aligned	with	the	main	national	policy	vectors.		
• Notwithstanding	the	 importance	of	aligning	LNG	bunkering	developments	and	 infrastructure	with	
the	 National	 Policy	 Frameworks,	 PAAs	 should	 also	 consider	 that	 LNG	 as	 fuel	 is	 a	 cross-border	
development.	 Apart	 from	 aligning	 with	 national	 wide	 policy	 it	 is	 also	 recommended	 that	 PAAs	
adopt	 dialogue	 and	 cooperation	 channels	 to	 allow	 shared	 development	 of	 LNG	 bunkering	
regulations	aiming	towards	a	harmonized	approach	to	control	measures.		
• Whenever	 evaluating	 or	 facilitating	 in	 favour	 of	 prospective	 LNG	 bunkering	 projects,	 PAAs	 are	
advised	 to	 consult	 closely	 with	 the	 national	 competent	 authority	 for	 the	 implementation	 of	
Directive	 2014/94	 on	 the	 deployment	 of	 an	 alternative	 fuel	 infrastructure.	 National	 Policy	
Frameworks	 should	 be	 able	 to	 provide	 the	 necessary	 environment	 for	 the	 consideration	 of	 LNG	
bunkering	facilities,	in	the	context	of	availability	of	LNG	as	fuel	in	maritime	core-ports.	







modes	 for	 LNG	 transfer	 will	 inherently	 represent	 different	 operational	 considerations	 and	


















air	 pollution	 form	 ships	 since	 1999,	 when	 Directive	 1999/32/EC	 served	 as	 the	 EU	 legal	 instrument	 to	
incorporate	the	sulphur	provisions	of	the	MARPOL	Annex	VI.	




the	 European	Union's	 legislation	 to	 the	 recent	 developments	 under	MARPOL	Annex	 VI,	 particularly	with	
respect	 to	SECAs	 requirements,	whereas,	on	 the	contrary,	 there	 is	 currently	no	binding	EU	 legislation	on	
NOx	emissions	reductions	from	ships.	
It	 is	 thus	 clear	 that	 multilateralism	 and	 broad	 based	 cooperation	 are	 continuing	 to	 be	 central	 for	 EU's	









aviation	 sector	 with	 Directive	 2008/101/EC	 amending	 Directive	 2003/87/EC	 so	 as	 to	 include	 aviation	
activities	 in	 the	EU-ETS	 (European	Union	Emission	Trading	Scheme)	and	now,	also	 regarding	 the	shipping	
sector,	the	European	Commission	is	moving	forward	in	this	sense,	in	order	to	meet	environmental	targets	
and	reach	the	goals	of	 its	transport	policies.	Under	this	 light,	 in	 fact,	 the	Communication	COM(2013)	479	









the	 Program	 Committee	 D3	 of	 the	 International	 Gas	 Union,	 a	 number	 of	 factors	 are	 determinant	 in	
outlining	the	reality	of	Small	Scale	LNG	worldwide	in	its	complex.	
As	 far	 as	 the	 drivers	 and	 barriers	 specifically	 identified	 for	 the	 demand	 and	 the	 supply	 of	 LNG	 as	 a	
bunkering	fuel	for	waterborne	transport	are	concerned,	the	Study	on	the	Completion	of	an	EU	Framework	







• Environmental:	 small	 scale	 LNG	 can	 bring	 attractive	 environmental	 benefits	 both	 to	 the	 gas	
production	(preventing	flaring)	as	well	as	end-customer	use	(LNG	for	transport	/	power	&	heating	
generation),	compared	to	alternative	 fossil	 fuels.	This	 includes	CO2,	SOx,	NOx,	particles	and	noise	
emissions.			
• Governmental	decisions	 to	 increase	 the	 level	of	 energy	 independence	 for	 a	 country	or	 region	by	
developing	an	alternative	energy	supply.			
Most	business	opportunities	have	multiple	drivers.	SSLNG	production	has	been	traditionally	considered	an	
important	 business	 in	 North	 America,	 Asia	 (China,	 Japan)	 and	 Europe	 (specifically	 in	 the	 Scandinavian	
region).	 The	 relevance	 of	 the	 drivers	 for	 small	 scale	 LNG	 varies	 per	 region,	 see	 Figure	 5.	 For	 example	 in	
Scandinavia,	the	main	driver	is	environmental,	where	the	main	drivers	in	the	US	are	mostly	economic	and	














to	compensate	 for	 the	higher	 investment	costs	of	an	LNG-fuelled	ship,	 the	relative	LNG	bunker	price	 is	a	









• Technology:	 the	 development	 and	maturation	 of	 small	 scale	 LNG	 technology	 is	 seen	 as	 the	 key	
enabler.	For	example,	more	efficient	and	cost-effective	small	scale	liquefaction	processes	are	being	
developed,	while	for	LNG	as	transport	fuel,	gas	engine	technology	is	rapidly	developing.			
• Financing:	 the	 availability	 of	 relatively	 “cheap”	 money	 can	 generate	 regional	 attractiveness	 to	
invest	in	SSLNG	projects	and	attract	new	players	to	the	market.	The	SSLNG	projects	require	lower	
investments	 as	 they	 are	 smaller	 than	 conventional	 projects.	 Even	with	 these	 lower	 investments,	
most	companies	need	a	certain	level	of	commitments	from	its	customers.			
• Fiscal	 regime	 and	 subsidies:	 in	 some	 cases,	 small	 LNG	 production	 projects	 can	 help	 to	 develop	
natural	 gas	 consumption	 both	 as	 a	 temporarily	 supply	 or	 to	 feed	 remote	 areas	 that	 are	 not	
connected	to	the	main	transportation	grids.	Therefore	the	(local)	authorities	can	provide	attractive	
fiscal	packages	that	support	LNG	development.	Various	European	countries	have	proposed	building	
small-scale	 import	 terminals,	 supported	 by	 EU	 subsidies	 that	 could	 be	 as	 large	 as	 10-20%	of	 the	
terminal	development	cost.	Alternatively,	more	polluting	fuels	may	be	subject	to	higher	taxation.			






• Fit-for-purpose	 engineering:	 SSLNG	 has	 attracted	 big	 and	 smaller	 players	 to	 the	market.	 For	 the	
larger	 players,	 an	 observed	 challenge	 is	 to	 develop	 cost-effectively	 and	 fit-for-purpose	
technological	solutions,	while	not	compromising	company	and	safety	standards.			
• Safety:	for	new	players	entering	the	SSLNG	market,	maintaining	safe	and	reliable	operation	can	be	
















• Lack	of	 (consistent)	 and	 change	of	policy	 and	 regulations:	mainly	 for	 less	developed	markets	 the	
absence	 of	 policies	 should	 be	 considered	 when	 developing	 a	 new	 SSLNG	 project	 in	 a	 country	
without	 previous	 experience	 in	 LNG,	 in	 such	 a	 case,	 the	 developers	 should	 refer	 to	 and	 use	 the	
available	international	set	of	standards	and	guidelines			
Additionally,	 as	well	 identified	 by	 Deloitte	 (2016)	 and	 recalled	 here	 being	 useful	 for	 the	 purpose	 of	 this	
research,	another	challenge	is	storage,	as	boil-off	and	operating	costs	make	storing	LNG	rather	impractical	
and	expensive.		
Ultimately,	 it	 is	 worth	 mentioning	 that	 the	 challenge	 of	 widespread	 transport	 of	 LNG	 comes	 down	 to	





of	the	different	bunker	fuels	makes	 it	difficult	 for	a	ship	owner	to	predict	whether	an	 investment	 into	an	
LNG-fuelled	ship	will	be	profitable.		
In	 addition,	 there	 are	other	 factors	 adding	 to	 this	 uncertainty.	 Firstly	 and	most	 importantly,	 there	 is	 the	





requested	 the	 European	 standardisation	 organisations	 to	 develop	 uniform	 technical	 standards	 and	 the	
International	 Code	 of	 Safety	 for	 Ships	 using	 Gases	 or	 other	 Low	 flashpoint	 Fuels	 (IGF	 Code)	 has	 been	







is	 why	 there	 are	 initiatives	 like	 the	 harmonized	 bunkering	 checklists	 for	 LNG	 operations	 in	 port	 as	
developed	 by	 the	 IAPH’s	 WPCI	 LNG	 working	 group,	 but	 since	 these	 initiatives	 and	 guidelines	 from	 the	
industry	 might	 be	 overruled	 by	 regulation	 in	 the	 future,	 some	 degree	 of	 uncertainty	 remains.	 In	 the	








































gas,	 which	 is	 primarily	 methane,	 is	 cooled	 below	 its	 boiling	 point,	 whereby	 certain	 concentrations	 of	
hydrocarbons,	 water,	 carbon	 dioxide,	 oxygen,	 and	 some	 sulphur	 compounds,	 are	 either	 reduced	 or	
removed.	
The	 reduction	 in	 the	volume	of	NG	by	600	 times,	when	 liquefied,	allows	 its	 transport	as	 LNG,	as	 it	 takes	
significantly	less	space	than	natural	gas	(600	cubic	meters	of	Natural	Gas	=	1	Cubic	meter	of	LNG).	
Odourless,	colourless,	non-toxic	non-corrosive	 liquid.	 If	spilled,	 it	will	disappear	quickly	without	corroding	
the	surface.	Has	cryogenic	properties.	If	spilled	on	the	ground,	it	will	become	colder.	If	mixed	with	water,	it	
will	not	be	absorbed	to	the	water,	nor	will	it	pollute	it.	




an	 ignition	source	of	628°C.	Natural	gas	also	needs	 to	have	a	concentration	of	5-15%	 in	air	on	oxygen	to	
burn.	When	cold	LNG	comes	in	contact	with	warmer	air,	it	creates	a	visible	vapour	cloud	from	condensed	
moisture	 in	 the	 air.	 As	 it	 continues	 to	 get	warmer,	 the	 vapour	 cloud	becomes	 lighter	 than	 air	 and	 rises.	
When	the	vapour	mixes	with	air,	 it	 is	only	 flammable	when	the	mixture	 is	between	5-15	percent	natural	
gas.	When	the	mixture	is	less	than	5	percent	natural	gas,	it	doesn't	burn.	When	the	mixture	is	more	than	15	
percent	natural	gas	in	air,	there	is	not	enough	oxygen	for	it	to	burn.	
LNG	 vapour	 is	 non	 explosive	 in	 an	 unconfined	 environment	 and	 LNG	 (the	 liquid)	 is	 not	 flammable	 or	
explosive.		Transportation	 takes	 place	 in	 double-hulled	 ships	 specifically	 designed	 to	 handle	 the	 low	
temperature	of	LNG.	These	carriers	are	insulated	to	limit	the	amount	of	LNG	that	evaporates.	A	majority	of	

















liquid	 form	 (with	 respect	 to	 the	 regasification	 operated	 in	 dedicated	 terminals	 and	 to	 the	 following	
introduction	in	gas	form	in	the	transport	network).	This	category	services	related	to	SSLNG	include	different	
segments	of	a	chain	with	multiple	actors	/	operators	(MISE,	2015).	











• mini	 liquefaction	plants	 for	 the	transformation	to	 the	 liquid	state	of	 the	natural	gas	coming	 from	
the	network,	used	to	load	tank	trucks	or	ISO	containers	and/or	barges/shuttles	(if	coastal	plants);	
























































































tanks,	 it	 can	be	used	as	a	 start-up	 solution	 to	probe	 the	bunkering	market	before	making	a	 large	capital	
investment	 in	LNG	bunkering	 infrastructure.	 Its	portability	means	 that	LNG	can	be	supplied	at	nearly	any	
location.	 As	 a	 result,	 the	 only	 limit	 geographically	 is	 identifying	 a	 port	 that	 will	 permit	 shoreside	 LNG	
bunkering	from	a	dock	or	jetty.	
The	 feasibility	of	 transferring	 LNG	TTS	 for	 very	 large	 volume	 transfers	 is	 limited	by	 transfer	 rate	and	 the	
number	of	trucks	required.	TTS	bunkering	has	one	of	the	lowest	transfer	rates	at	50	m3/h.	
According	to	the	study,	TTS	bunkering	has	a	strong,	flexible	position	for	delivering	LNG	to	remote	places	or	














LNG	may	 be	 transported	 to	 the	 facility	 by	 truck,	 rail,	 or	 bunker	 barge,	 and	may	 be	 transported	 from	 a	
	
	 50	
remote	 liquefaction	 facility.	 LNG	 may	 be	 produced	 (i.e.,	 converted	 from	 gas	 to	 liquid)	 at	 a	 small-scale	




with	 respect	 to	 geography.	 It	 must	 be	 sited	 at	 a	 fixed	 location,	 relatively	 close	 to	 the	 dock	 or	 jetty.	 In	
addition,	as	a	fixed	installation,	vessels	must	make	the	necessary	arrangements	to	be	at	the	loading	berth	
for	 transfers.	 For	 vessels	 with	 other	 activities	 (i.e.,	 cargo	 transfers)	 in	 the	 port,	 bunkering	 occurs	 at	 the	
same	time	as	the	other	activity	to	reduce	the	time	spent	in	port.	If	TPS	bunkering	locations	cannot	perform	
simultaneously	with	other	activities,	it	will	extend	the	time	in	port	and	reduce	the	TPS	option	viability.	
An	 intermediate	storage	 location	with	bunkering	capability	 is	a	viable	alternative	(i.e.,	a	smaller	LNG	tank	











from	a	bunker	barge	 to	LNG-fueled	vessel.	Bunker	vessels	and	barges	also	have	 the	greatest	 flexibility	 in	
location	of	bunkering.	There	are	two	types	of	STS	bunkering	operations:	one	is	performed	at	the	port,	and	
the	 other	 is	 carried	 out	 at	 sea.	 STS	 bunkering	 can	 enable	 additional	 logistical	 flexibility	 by	 conducting	











Bunker	 vessels	 allow	 for	 smaller	 and	 flexible	 movements	 within	 the	 port	 than	 feeder	 vessels,	 having	
capacity	between	1,000	and	10,000	mc.	Feeder	vessels	have	their	basic	aim	in	the	regional	distribution	of	
LNG	from	large	import	terminals	to	points	along	the	coastline	and	have	typical	capacity	ranging	from	7,000	
to	 20,000	 mc.	 barges	 (with	 or	 without	 self	 propulsion),	 given	 their	 limited	 dimensions,	 have	 an	
efficient/quick	turnaround	at	loading/discharging	ports.	






In	2013	Viking	Line	 introduced	a	new	vessel	 into	service,	the	MS	Viking	Grace,	a	 large	passenger	ferry	on	




bunkering	 vessel	 that	 draws	 up	 alongside	 Viking	 Grace.	 Ship-to-ship	 bunkering,	 and	 not	 truck-to-ship,	 is	
used	because	the	ferry	only	stays	at	berth	for	one	hour.		
It	must	be	noted	that	LNG	bunkering	in	Stockholm	is	specifically	designed	for	Viking	Grace	and	that	the	two	







































































• Refuelling	 at	 sea	 is	 possible;	 eliminates	 the	 need	 to	
come	into	a	port;	
• In	 port	mobility	 allows	 for	 transfers	 to	 take	 place	 in	




• Transfer	 rates	 approach	 shore-to-ship	 bunkering	
capabilities;	exceed	truck-to-ship	option;	













Portable	 tanks	may	be	used	as	portable	 fuel	 storage.	They	can	be	driven	or	 lifted	on	and	off	a	vessel	 for	
refueling.	 The	 quantity	 transferred	 is	 flexible	 and	 dependent	 upon	 the	 number	 of	 portable	 tanks	
transferred.	A	40-foot	 ISO	 intermodal	portable	 tank	can	hold	on	average	43	m3	of	 LNG,	meaning	around	
18,5	tonnes.	
Portable	 tank	 infrastructure	 is	 not	 entirely	 dependent	 upon	 demand	 from	 vessel	 bunkering.	 Interest	 in	
portable	tanks	arises	from	a	wide	array	of	potential	uses	for	them.	Like	other	portable	fuels,	 they	can	be	
transported	 many	 different	 ways	 (by	 truck,	 rail,	 and	 cargo	 vessel).	 They	 can	 be	 stored	 for	 periods	 and	
utilized	by	many	potential	customers	(e.g.,	industrial,	shipping,	CNG	refueling	station	supply).	




The	 option	 for	 common	 manifolds	 is	 considered	 also	 in	 the	 EMSA	 Guidance	 on	 LNG	 bunkering	 (EMSA,	
2018),	and	has	been	first	 featured	 in	 IACS	Rec.	142	where	 it	 is	mentioned:	“Depending	on	the	shore	side	




A	 number	 of	 solutions	 are	 already	 available	 on	 the	market,	 some	 of	which	 are	 described	 hereinafter	 in	
order	to	highlight	the	flexibility	of	this	kind	of	systems.	
Gas	and	Heat	has	 completed	 the	design,	production	and	assembly	of	 a	multiple	 refueling	 solution	 called	
LNG4Speed	 (patent	 pending),	 specifically	 designed	 to	 simultaneously	 connect	 four	 LNG	 tanker	 trucks	 in	

















Among	 the	 multiple	 connectors	 for	 LNG	 bunkering	 in	 truck-to-ship	 mode,	 the	 solution	 of	 the	 Danish	
company	 Kosan	 Crisplant	 (MAKEEN	 Energy)	 is	 also	 currently	 available	 on	 the	market,	which	 has	 already	
marketed	 the	 product	 to	 the	 international	 logistics	 group	 NIJMAN/ZEETANK	 that	 operates	 in	 the	






simultaneously	 increases	to	 four,	 reducing	the	bunkering	time	by	75%,	guaranteeing	capacities	up	to	120	
m3/h.	Designed	to	achieve	the	highest	degree	of	flexibility	and	lightness,	this	type	of	bunkering	component	





The	 component	 can	 easily	 adapt	 to	 any	 type	 of	 trailer,	 but	 above	 all	 the	 non-return	 valves	 and	 an	





In	 order	 to	 summarize	 the	main	 aspects	 characterizing	 each	 bunkering	 solution,	 and	 thus	 allowing	 for	 a	























− Plan	 the	 implementation	 into	 phases	 to	
follow	the	evolution	of	the	market;	
− Implement	 an	 adequate	 involvement	 of	 the	
parties	 and	 an	 information	 campaign	 to	
prevent	 problems	 in	 the	 authorization	
process;	
− Make	 use	 of	 European	 funds	 and	 a	
combination	 of	 national	 and	 EU	 financial	





























− Suitable	 for	 serving	 the	 trucking	 and	 off-grid	
application.	
	



























































− Operational	 flexibility	 and	 logistics	 suitable	 for	
low	market	volumes;		





− Possibility	 to	 adapt	 to	 different	 security	
requirements;		
− Possibility	of	serving	different	LNG	fuel	users;	










− Limited	 movement	 on	 the	 quay-side,	 mostly	
influenced	 by	 the	 presence	 of	 the	 bunker	
truck(s);	
− Exposure	 to	 roadside	 eventual	 limitations	






− Use	 of	 multiple	 connections	 to	 ensure	 greater	
volumes;	
− Use	 of	 LNG	 as	 an	 alternative	 fuel	 for	 road	
tankers	 to	 minimize	 emissions	 and	 increase	
positive	social	perception;		
− Provide	 dedicated	 /	 preferential	 access	 routes	
for	tankers	arriving	at	the	facility.	
	
− Dependence	 (currently)	 on	 the	 large	 European	
on-shore	LNG	terminals;		
− Failure	 of	 the	 multiple	 connection,	 in	 the	













− Generally	 does	 not	 interfere	 with	
cargo/passenger	 handling	 operations.	
Simultaneous	 Operations	 (SIMOPS)	 concept	 is	
favoured	
− Most	 favourable	 option	 for	 LNG	 bunkering,	
especially	for	ships	with	a	short	port	turnaround	
time	
− Larger	 delivery	 capacity	 and	 higher	 rates	 than	
TTS	method.		
− Operational	 flexibility	 –	 bunkering	 can	 take	
place	 alongside,	 with	 receiving	 vessel	 moored,	
at	anchor	or	at	station	
− No	construction	permits	 required,	 thus	delivery	















− Synergy	 with	 coastal	 storages	 and/or	 satellite	
plants	 to	 guarantee	 total	 operating	 flexibility		
and	full	market	coverage	



















Transport,	 which	 has	 worked	 on	 the	 legislative	 decree	 of	 implementation,	 involving	 also	 other	
Ministries	 (Economic	 Development,	 Environment,	 Interiors,	 Economy	 and	 Finance),	 stakeholders	
and	experts;	











2014/94/UE	 del	 Parlamento	 europeo	 e	 del	 Consiglio,	 del	 22	 ottobre	 2014,	 sulla	 realizzazione	 di	 una	
infrastruttura	per	i	combustibili	alternativi”	–	concerning	AFID	implementation	was	published	on	the	Italian	
Official	Journal	(S.O.	n.	3	Gazzetta	Ufficiale	-	Serie	Generale	n.	10)	on	13	January	2017.	














As	 well	 underlined	 by	 the	 European	 Commission14,	 the	 Italian	 NPF	 fully	 addresses	 the	 requirements	 of	
Article	3.	It	contains	an	extensive	discussion	of	the	current	state,	and	future	scenarios,	for	alternative	fuels	
in	 the	 transport	 sector.	However,	 it	does	not	establish	hard	 targets	 for	all	 fuels	and	modes,	because	 the	












the	 moment	 is	 the	 only	 region	 of	 Italy	 deprived	 of	 a	 NG	 distribution	 infrastructure.	 Evidence	 of	 Italy's	









deployment	 of	 the	 alternative	 fuels	 network	 in	 Italy,	 in	 accordance	 with	 the	 objectives	 set	 out	 in	 the	
Directive	2014/94/EU	on	Alternative	Fuels	Infrastructure	(hereinafter	“AFID”).	
The	GAINN_IT	Global	Project	specifically	aims	to	trigger	 investments	 in	sustainable	transport	and	support	
the	 deployment	 of	 a	 continued	 network	 of	 alternative	 fuels	 infrastructure,	 with	 particular	 reference	 to	
LNG-related	one,	at	national	and	European	level.	
Pursuing	 such	an	objective,	 the	GAINN_IT	 target	 fits	with	 the	purposes	of	 the	European	Clean	Power	 for	





The	 GAINN_IT	 Global	 Project,	 following	 the	 results	 of	 the	 COSTA	 Action	 (2011-EU-21007-S)	 started	 in	
September	2015	by	the	Italian	Ministry	of	Infrastructures	and	Transport	(MIT),	aims	at	conceiving,	defining,	










ü Step	 1:	 study	 and	 definition	 of	 3	 pilot	 national	 LNG	 grids	 (Tyrrhenian-Ligurian,	 South	 Italy	 and	
Adriatic-Ionic)	 and	 of	 the	 standard	 technical	 specification	 of	 the	 LNG	 components	 (LNG	 receiving	
system,	 LNG	 storage	 and	 local	 distribution	 system	 LNG	 ship	 bunkering	 system	 ,	 LNG	 vehicles	
refuelling.	 This	 step	 has	 been	 performed	 within	 the	 GAINN4CORE	 (2014-IT-TM-0450-S)	 and	
GAINN4MOS	(2014-EU-TM-0698-M)	Actions.	
ü Step	2:	prototyping	of	the	3	pilot	LNG	grids	of	a	set	of	standard	LNG	components	(see	above)	and	








out	 start-up	 phase	 being	 implemented	 by	 GAINN_IT	 Actions	 constitute	 the	 fundamental	 GAINN_IT	








































the	 technical	 management	 team	 of	 one	 of	 the	 most	 important	 partners	 on	 the	 Italian	 side,	 namely	
Consorzio	906,	which	 is	 involved	 in	quality	as	 Implementing	Body	of	the	 Italian	Ministry	of	Transport	and	
Infrastructure	and,	in	some	cases,	directly	as	Project	Coordinator.	

































• Providing	 tested	 technologies	 that	 can	be	used	 to	 retrofit	and/or	build	a	 large	percentage	of	 the	
short-sea	fleet	deployed	in	the	EU	Atlantic	and	Mediterranean.			
• Proving	that	bunkering	barges,	 tugboats,	general	cargo	and	pax	or	 ro-pax	types	of	vessels	can	be	
successfully	retrofitted	for	them	to	use	LNG	as	marine	fuel	and	that	financial	feasibility	analyses	for	
their	 operating	 companies	 after	 the	 indicators	 obtained	 in	 real	 life	 pilots	 are	 taken	 into	 account	
confirm	the	convenience	of	this	choice	to	external	sea	carriers.			
• Paving	the	way	for	the	implementation	of	LNG	as	fuel	for	ship	and	port	machinery.			





















Design:	 LMG	290-DEG	 Type:	 Ferry	
Name:	 Elio	 Owner:	 Caronte	&	Tourist	
Year	built:	 2018	 Yard	/	no:	 Sefine	/	30	
Length	over	all:	 133.6	m	 Beam:	 21.5	m	






















fuel”	 in	 Eastern	 Mediterranean	 Sea	 while	 making	 Greece	 an	 international	 marine	 bunkering	 and	
distribution	hub	for	LNG	in	South	Eastern	Europe.	The	Action	will	establish	all	appropriate	facilities	 in	the	







within	 the	 Innovation	Priority.	The	Action	started	 in	2017	and	 is	 currently	ongoing,	being	coordinated	by	
the	Italian	Ministry	of	Infrastructure	and	Transport.	
The	general	objective	of	the	GAINN4MED	Action	is	to	factually	contribute	to	the	implementation	of	the	AFI	





To	address	 such	an	objective,	 the	GAINN4MED	Action	 focuses	on	 road	 transport,	being	 the	most	mature	
sector	 for	LNG	deployment,	able	to	act	as	a	driving	force	for	the	development	of	 the	whole	national	and	
European	LNG	supply	chain.		









of	 HDVs	 as	 mobile	 equipment	 ensuring	 an	 effective	 start-up	 of	 the	 network	 itself.	 The	 definition	 of	 a	
sustainable	 Bio-LNG	 supply	 chain	model	 and	 the	 establishment	 of	 proper	 training	 and	 skills	 building	will	





The	 Action	 contributes	 in	 fact	 to	 GAINN_IT’s	 aim	 to	 trigger	 investments	 in	 sustainable	 transport	 and	
support	 the	 deployment	 of	 a	 continued	 network	 of	 alternative	 fuels	 infrastructure,	 with	 particular	
reference	to	LNG,	at	national	and	European	level.		
The	specific	objectives	of	the	GAINN4MED	Action	can	be	summarized	as	follows:	
1. Remove	 major	 bottlenecks	 in	 supplying	 LNG	 to	 road	 transport	 in	 Italy	 by	 the	 progressive	
deployment	of	L-CNG	stations	along	the	Core	network;	








3. Prepare	 a	 Business	 Plan	 based	 on	 the	 real	 life	 trials	 of	 the	 LNG-based	 solutions	 including	 C-LNG	
stations,	mobile	supply	chain	and	HDV	fleet.	This	will	be	achieved	by	the	collection	of	operational	
data	during	the	trials	in	real	life	context	within	the	Action;	
4. Promote	 the	use	of	Bio-LNG.	To	achieve	 this	objective,	guidelines	and	models	 for	 the	use	of	Bio-
LNG	will	be	developed	and	real	life	tests	will	be	made	according	to	the	results	of	the	model	and	the	
existent	possible	Bio-LNG	sources;	
5. Develop	 skills	 for	 the	 operation/use	 of	 LNG	 as	 fuel	 for	 land-based	 transport.	 All	 personnel	






The	 Action	 thus	 benefits	 from	 the	 “study”,	 “prototyping”	 and	 “start-up”	 phases	 implemented	 by	 the	
GAINN_IT	 Parental	 Actions	 mentioned	 above	 (namely	 GAINN4MOS,	 GAINN4CORE,	 Poseidon	Med	 II	 and	
GAINN4MED).	GAINN4MID	contributes	to	the	most	urgent	needs	of	the	GAINN_IT	Global	Project	and	most	
importantly	 triggers	 its	 Step	 4	 ROLL-OUT	 by	 providing	 both	 land	 and	 maritime	 mobile	 and	 fixed	 LNG	
infrastructure.		
It	 aims	 to	 contribute	 to	 the	 implementation	 of	 the	 AFI	 Directive	 and	 the	 related	 Italian	 National	 Policy	
Framework	to	ensure	a	sustainable	and	efficient	multi-modal	transport	system	in	the	long	run,	with	a	focus	
on	innovative	Liquefied	Natural	Gas	(LNG)	solutions.		
















the	 sustainability	of	 the	 transport	 sector	on	a	wider	 scale.	The	 terminal	will	have	a	 total	overall	 capacity	
between	120.000		and	180.000	tons/year	of	LNG	and	will	operate	in	strong	synergy	with	another	key	asset	
realized	within	the	Action.		



























Calliope	 SpA	 and	 San	Marco	 Petroli	 SpA)	 ,	 Costiero	 Gas	 Livorno	 SpA,	 the	 newly	 created	 Neri	 Vulcangas	
Investimenti	 Srl	 (purpose	 company	 created	 by	 Neri	 Group	 and	 Vulcangas),	 supported	 by	 the	 Port	
Authorities	of	Venice	and	Livorno.	




The	 general	 objective	 of	 the	 Action	 is	 to	 answer	 to	 the	 widespread	 need	 in	 terms	 of	 addressing	 cross-
border	bottleneck	at	Priority	Corridors	level	and	to	factually	face	the	most	urgent	need	of	overcoming	the	
chicken-egg	situation	that	hampers	the	successful	implementation	of	alternative	fuels	in	transport	as	set	by	
AFID	 (Directive	 2014/94/EU)	 that	 aims	 “to	 enable	 LNG	 vessels	 to	 circulate	 throughout	 the	 TEN-T	 Core	











• 3	 LNG	 storage	 tanks	 (1	 full	 containment	 atmospheric	 tank	of	 30.000	m3	 and	2	bullet	 tanks	of	



























and	 in	 the	 relevant	Core	Corridors	and	 in	 the	Mediterranean,	 for	both	 land	 (road	and	 rail)	 and	maritime	
transport.	The	LNG	 land	distribution	will	be	provided	via	 trucks,	 ISO	containers	and	rail	 services,	 through	
	
	 77	
dedicated	 rail	 and	 road	 loading	 bays,	 while	 the	 ships	 bunkering	 will	 be	 ensured	 by	 dedicated	 quays.	 In	




Regarding	 the	 future	 steps	 to	 be	 undertaken	 by	 the	 GAINN-IT	 Initiative	 making	 use	 of	 the	 co-financing	
available	under	the	CEF,	a	lot	will	depend	upon	the	availability	of	budget	of	the	upcoming	call	for	proposals.	
The	current	2019	CEF	call	 for	proposals	 concerns	only	comprehensive	ports,	 cross-border	 sections	of	 the	
global	network	and	the	reduction	of	railway	noise.	




Regarding	 the	 new	 CEF	 Regulation	 2021-2027,	 the	 EU	 Council	 adopted	 in	 December	 last	 year	 a	 partial	
general	approach15	which,	as	regards	the	relevant	transport	part,	 represents	a	Council	orientation	on	all	
















consumption	 markets	 in	 northern	 Italy,	 with	 weekly	 connections	 to	 all	 the	 continents	 of	 the	 world.		








The	 port	 of	 La	 Spezia’s	 performances	 reach	 the	 ones	 of	 the	major	 Far	 East	 ports,	 due	 to	 an	 utilization	
percentage	which	is	among	the	highest	in	the	world,	with	over	4	TEU	handled	per	square	meters.	
As	reported	in	the	Regulation	1315/2013	the	port	has	been	included	within	the	strategic	node	of	the	TEN-T	
core	 network,	 the	 trans-European	 transport	 central	 network,	 as	 core	 port	 of	 the	 Scandinavian	 -	
Mediterranean	corridor.	
Today,	 the	 port	 is	 able	 to	 receive	 ships	 up	 to	 14,000	 TEU	 and	 ongoing	 dredging	 works	 will	 allow	 to	
accommodate	ships	up	to	16,000	TEU.	The	port	has	excellent	railway	and	highway	connections,	including	a	
tunnel,	 linking	 the	 port	 areas	 directly	 to	 the	 highway	 network	 and	 a	 railway	 station.		
35%	of	container	traffic	is	handled	by	rail,	which	is	a	top	percentage	in	Europe,	aiming	to	reach	50%	thanks	
to	a	new	rail	 infrastructure	(that	allows	train	composition	up	to	650	meters	long)	in	according	to	the	Port	



















• Constant	growth	of	 the	maritime	 traffic	 in	 the	 last	years,	also	 thanks	 to	 the	connection	between	
TEN-T	Corridors	and	Motorways	of	the	Sea	connections;	
• La	Spezia	is	a	strategic	port	of	the	Scandinavian	-	Mediterranean	corridor	in	the	implementation	of	
alternative	 fuels;	 as	 reported	 in	 the	 final	 report	 “Scandinavian-Mediterranean	 Core	 Network	
Corridor	 Study”,	 “..The	 Port	 of	 La	 Spezia	 participated	 in	 the	 EU	 COSTA	 project.	 La	 Spezia,	 for	
example,	 is	planning	to	provide	LNG	facilities	for	maritime	side	(vessel	bunkering,	tug	bunkering),	






























Commission	 through	 its	 Innovation	 and	 Network	 Executive	 Agency	 (INEA)	 under	 the	 Marco	 Polo	
Programme.	






































• renovation	 of	 the	 LNG	 storage	 tanks	 with	 an	 increase	 of	 the	 tank	 capacity	 up	 to	 240,000	 m3	
(currently	100,000	m3);	
• modification	of	 the	 jetty	with	 increase	 in	 the	 reception	capacity	 for	LNG	carriers	with	capacity	of	
145,000	m3.	
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If	 necessary	 the	 correction	 of	 the	 gas	 is	 made	 by	 adjusting	 the	 «Wobbe	 Index»	 (Gross	 Calorific	 Value	
divided	by	the	square	root	of	the	relative	density	of	the	gas	with	the	air):	if	the	value	of	this	parameter	is	
excessive,	it	simply	adds	air	or	air	enriched	with	nitrogen,	with	the	aid	of	suitable	compressor	batteries.	






The	control	and	safety	system	 is	extremely	 important:	 the	regasification	plant	 is	controlled	and	operated	
remotely	by	the	automated	Centralised	Control	Room.		
The	system	is	divided	into	two	subsystems:	
-	 the	 distributed	 control	 system	 (DCS),	 which	 acquires,	 processes	 and	 adjusts	 process	 parameters	 and	
supervises	the	plant;	














The	area	 in	which	the	LNG	Panigaglia	regasification	terminal	 is	based,	 is	served	only	by	a	single	road,	the	
provincial	road	n.530	(known	as	the	ancient	Napoleonic),	which	passes	a	few	tens	of	meters	from	the	LNG	
storage	tanks	and	from	the	dock.	The	road	is	known	to	be	narrow	and	winding	and,	above	all,	landlocked.	






to	 an	 area	within	 the	 port	 perimeter	 is	 something	 there	 has	 been	 investigating	 on.	 The	 feasibility	 study	
developed	 by	 D'Appollonia	 in	 2016	 has	 in	 fact	 also	 envisaged	 the	 use	 of	 this	 type	 of	 vehicle	 to	 avoid	
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It	 is	 then	to	be	noted	that	besides	 the	LNG	that	may	be	destined	to	serve	users	 in	 the	Port	of	La	Spezia,	
another	 share	of	 traffic	may	 in	 future	be	 represented	by	 the	 tankers	 loaded	with	 liquid	gas	destined	 for	
other	inland	Italian	storage	and	distribution	centers.	These	will	have	to	reach	the	highway	entrance	along	
the	 Napoleonic	 road	 described	 above	 up	 to	 the	 city	 of	 La	 Spezia	 and	 then	 cross	 the	whole	 city	 passing	






In	 the	 Plan	 itself,	 it	 is	 specified	 that	 the	main	 access	 by	 land	 takes	 place	 from	 the	 north	 side	 through	 a	
stretch	of	dual-way	private	road	that,	coming	off	the	SP	530,	leads	directly	to	the	entrance	of	the	plant.	In	
case	of	need,	there	is	the	possibility	of	accessing	the	south	side	of	the	plant	belt	using	the	private	road	that	
originates	 from	 the	 SP	 530	 at	 Punta	 Pezzino	 and	 descends	 on	 the	 embankment	 in	 a	 northerly	 direction	
allowing	you	to	get	to	the	back	of	the	plant.	Should	the	emergency	require	it,	the	gate	lock	can	be	forced	by	
the	 rescue	 /	 fire	 fighting	 units	 to	 deal	 with	 the	 emergency	 itself.	 These	 nodal	 points	 identified	 above	
(nearby	a	 specific	 traffic	 light	 system	was	activated	by	GNL	 Italia	 to	block	 traffic	 in	 the	event	of	 a	major	
accident)	 will	 be	 those	 in	 which	 the	 police,	 deputed	 to	 the	 delimitation	 operations	 of	 the	 area	 and	 to	
regulating	 accesses,	 will	 carry	 out	 operations	 of	 diversion	 or	 impediment	 of	 traffic,	 through	 the	 use	 of	
checkpoints,	in	order	to	prohibit	the	flow	of	traffic	in	the	area	and	facilitate	the	timeliness	of	interventions,	
also	in	relation	to	the	evolution	of	the	event.	












3.3.1 Considerations	 on	 general	 LNG	 import	 terminal	 upgradings	 to	 provide	 Small	 Scale	 LNG	
services	
As	seen	in	the	previous	chapter,	a	“Small	Scale	LNG”	(or	SSLNG)	facility	is	the	way	the	LNG	is	administered	





• LNG	 loading	 service	 on	 bunker	 ships,	 i.e.	 loading	 of	 ships	 with	 LNG	 stored	 in	 the	 tanks	 of	 a	
regasification	terminal.	The	loaded	vessels	have	a	capacity	between	500	and	30,000	m3	and	can	be	
used	 to	 supply	 LNG	 to	 other	 vessels	 (i.e.	 used	 as	 barges)	 or	 for	 coastal	 storage	 tanks	 (used	
therefore	as	shuttles	ships);	




• Loading	 to	 road	 tankers	 (for	 onshore	 terminals	 only),	 i.e.	 loading	 of	 tanker	 trucks	 (with	 capacity	
between	20	and	50	m3)	or	ISO-containers	(with	capacity	between	20	and	40	m3),	used	for	transport	
on	 road,	with	 the	 LNG	 stored	 in	 a	 terminal	 tank.	 The	 tankers	 and	 ISO-containers	 can	be	used	 to	
supply	 vehicles	 propelled	 by	 LNG	 or	 CNG	 (storage	 capacity	 up	 to	 about	 100	m3),	 local	 storages	
(atmospheric	 pressure	 tanks	 typically	 of	 30,000	m3	 or	 tanks	 in	 pressure	with	 a	 typical	 volume	of	
about	 1,000	 m3)	 or	 for	 other	 types	 of	 uses	 that	 require	 the	 supply	 of	 the	 product	 liquid	 state	
(bunkers,	industrial	and	civil	uses,	trains);	
• Additional	services	 (for	onshore	terminals	only),	or	services	that	allow	the	supply	of	LNG	through	
the	use	of	 infrastructures	built	 in	the	vicinity	of	the	terminal	and	directly	connected	to	 it,	such	as	











The	 tender	 call	 concerns	 reloading	 of	 feeder	 ships;	 loading	 of	 barges,	 road	 tankers	 and	 ISO	 containers;	









• outside	of	 terminal,	 coastal	 storage	 installation,	 stocked	up	by	 feeder	 ship,	 in	order	 to	 load	 road	
tankers	and	ISO	containers.	




















Zeebrugge	and	Rotterdam	were	chosen	 for	being	 the	nearest	by	 road	after	Marseille	and	Barcelona.	The	

















Fos-sur-Mer France 485 519
Barcelona Spain 721 958
Sagunto Spain 984 1.275
Gijón (El Musel) Spain 1.211 1.558
Cartagena Spain 1.211 1.581
Huelva Spain 1.822 2.037
Revithoussa Greece 1.884 2.248
Sines Portugal 2.117 2.216
Aliaga Turkey 2.136 2.313
Alexandroupolis Greece 2.195 1.918
Kavala Greece 2.229 1.867
Marmara Ereglisi Turkey 2.334 1.991
Mugardos Spain 2.818 1.804
Bilbao Spain 3.265 1.293
Montoir-de-Bretagne France 3.441 1.295
Loon Plage France 3.986 1.288
Zeebrugge Belgium 4.072 1.249
Isle of Grain United Kingdom 4.080 1.431
Rotterdam Netherlands 4.184 1.266
Lysekil Sweden 4.985 2.091
Göteborg Sweden 5.018 1.967
Fredrikstad Norway 5.040 2.175
Swinoujscie Poland 5.068 1.516
Klaipeda Lithuania 5.436 2.215
Nynashamn Sweden 5.517 2.321
Pansio Finland 5.788 2.618
Mosjoen Norway 5.801 3.026
Tallinn Finland 5.831 2.610
Gävle Sweden 5.836 2.473
Raum Finland 5.870 2.705
Pori Finland 5.901 2.940
Hamina-Kotka Finland 5.997 2.937
Tornio Finland 6.400 3.322
Port
















of	 the	 terminal	 into	 a	 vessel).	 Marseille,	 Barcelona	 and	 Zeebrugge	 provide	 bunker	 ship	 loading	 as	 well	
(loading	on	bunkering	 ships	which	 supply	 to	 LNG-fuelled	 ships	or	 LNG	bunkering	 facilities	 for	 vessels).	 In	







Two	 different	 installation	 are	 operational	 in	 Fos-sur-Mer.	 One	 is	 located	 in	 Fos	 Tonkin,	 the	 other	 in	 Fos	
Cavaou.	Both	installations	provide	bunkership	loading,	truck	loading	and	vessel	reloading.		
Elengy	 operates	 both	 Fos	 Tonkin	 and	 Fos	 Cavaou	 (plus	Montoir-de-Bretagne	 on	 the	 Atlantic	 coast).	 Fos	













Marseille √ √ √ √
Barcelona under contruction √ under study √
Zeebrugge √ √ √ √









Marseille √ √ √ √





Service offered by import 





Bunkership loading operational Fos-Tonkin LNG Terminal Elengy 5,000 1,000
Bunkership loading operational Fos Cavaou LNG Terminal Fosmax LNG 15,000 4,000
Truck loading operational Fos-Tonkin LNG Terminal Elengy 1 x 100
Truck loading operational Fos Cavaou LNG Terminal Fosmax LNG not available
Reloading operational Fos-Tonkin LNG Terminal Elengy 5,000 1,000














its	 subsidiary	 TGEHF	 (Total	 Gaz	 Electricité	 Holding	 France),	 owns	 the	 Fos-Cavaou	 Liquefied	 Natural	 Gas	
Terminal.	





Directly	 accessible	 by	 sea	 by	 the	 latest	 generations	 of	 very	 large	 liquefied	 natural	 gas	 tankers,	 Q-flex	
(around	217,000	m3)	and	Q-max	 (over	270,000	m3),	 it	 constitutes	a	new	entry	point	 into	 the	French	and	


















The	 CAPMAX	 projects	 aims	 to	 boost	 the	 capacity	 of	 the	 current	 Fos	 Cavaou	 terminal,	 increasing	 its	 gas	
send-out	capacity	from	8.25	Gm3/year	to	16.5	Gm3/year.	
This	 100%	 increase	 involves	 expanding	 LNG	 storage	 capacity	 by	 	 building	 one	 or	 two	 additional	 storage	
tanks	or	doubling	regasification	facilities.	
The	current	terminal	has	enough	space	to	accommodate	these	new	facilities.	The	existing	electricity	supply	
and	the	 transmission	network	provided	by	GRTgaz	 (the	pipeline	conveying	gas	away	 from	the	site)	mean	
that	no	extension	work	is	needed	to	double	the	terminal's	capacity.	
The	piers	 are	not	 expected	 to	be	 altered	 as	part	 of	 the	project,	 as	 they	 are	 large	enough	 to	 receive	 the	
number	of	gas	carriers	corresponding	to	the	project's	send-out	capacity	(16.5	Gm3),	i.e.	approximately	200	
ships	per	year.	































Barcelona	was	 the	 first	 plant	 to	 be	 commissioned	 in	 Spain.	 In	 operation	 since	 1969,	 it	 is	 located	 on	 the	




Service offered by import 





Bunkership loading under construction Barcelona LNG Terminal Enagás
Truck loading operational Barcelona LNG Terminal Enagás 3 x 91










































































Service offered by import 





Bunkership loading operational Zeebrugge LNG Terminal Fluxys LNG 7,000 5,000
Bunkership loading under construction Zeebrugge LNG Terminal Fluxys LNG 2,000 5,000
Truck loading operational Zeebrugge LNG Terminal Fluxys LNG 75
Reloading operational Zeebrugge LNG Terminal Fluxys LNG 7,000 5,000
Reloading under construction Zeebrugge LNG Terminal Fluxys LNG 2,000 5,000





















Service offered by import 





Bunkership loading operational Gate terminal, Rotterdam Gasunie, Vopak 5,000 3,000
Bunkership loading under construction Gate terminal, Rotterdam Gasunie, Vopak 500 3,500
Truck loading operational Gate terminal, Rotterdam Gasunie, Vopak 1 x 100
Reloading operational Gate terminal, Rotterdam Gasunie, Vopak 5,000 3,000
Reloading under construction Gate terminal, Rotterdam Gasunie, Vopak 500 3,500





of	 LNG	 at	 once.	 The	 liquefied	 natural	 gas	 is	 either	 regasified	 at	 Gate	 to	 be	 transported	 through	 an	
underground	pipeline	to	the	European	gas	distribution	network,	or	it	is	loaded	into	vessels	or	trucks.	
Besides	 the	supply	 to	 the	network	of	natural	gas	pipelines,	 the	Gate	LNG	terminal	has	 facilities	 to	reload	
LNG	 into	 ships,	 LNG	 containers	 or	 tank	 trucks.	 This	 allows	 the	 liquefied	 natural	 gas	 to	 be	 distributed	 by	
inland	tanker,	short	sea	tanker	or	truck.	











1	 million	 in	 2030,	 with	 35	 naval	 units	 newly-built	 and	 fuelled	 with	 LNG	 by	 2030.	 Worldwide	 currently	
already	 16	 large	 cruise	 ships	 powered	 by	 LNG	 are	 under	 construction	 or	 have	 been	 ordered	 from	
construction	sites;	a	 large	part	of	 these	will	be	used	 in	 the	Mediterranean,	 to	 the	benefit	of	 the	 logistics	
services	supporting	national	ports.	
Also	on	the	road	sector	the	potential	for	development	of	LNG	is	considerable,	as	confirmed	by	the	growing	











partners	 and	 stakeholders	 and	 concerns	 the	 Tyrrhenian-Ligurian	 LNG	 Grid	 as	 a	 whole	 in	 the	 2025	
perspective.	 The	 Tyrrhenian-Ligurian	 LNG	 network	 consists	 of	 the	 main	 port	 elements	 of	 Genova	 (and	
Savona),	La	Spezia	and	Livorno.	
The	study	of	 the	Tyrrhenian-Ligurian	GAINN	Grid	analyzed	 in	particular	 the	 forecasts	 for	use	of	LNG	(in	a	
prudential	 perspective)	 of	 the	 following	 elements:	 ferry	 industry,	 cruise	 sector,	 smaller	 ships	 (eg.	 High	








































HDVs	stations		 20	 50	 50	 75	 1,5	 78.000	 292.500	
Truck	Stations	for	
industrial	use	
30	 60	 50	 75	 1,5	 117.000	 351.000	
CNG	stations	 40	 80	 50	 75	 1,5	 156.000	 468.000	
Ferries	 2	 4	 850	 850	 1	 88.400	 176.800	
Cruises	 2	 3	 2.700	 2.700	 0,5	 140.400	 210.600	
LNG/NG	Bunker	
ship	
3	 4	 400	 400	 0,3	 18.720	 24.960	
Minor	boats	 0	 3	 50	 50	 1	 0	 7.800	
Nautical	technical	
services	
6	 18	 35	 35	 1	 10.920	 32.760	
LNG	Shore-side	
electricity	
2	 4	 50	 75	 2	 10.400	 31.200	
Other	uses	(eg.	
locomotives)	
1	 4	 50	 75	 1,5	 3.900	 23.400	
Port	facilities	-	
Tractors	
11	 28	 0,4	 0,4	 2,5	 572	 1.456	
Port	facilities	–		
Reach	stacker	
11	 36	 0,4	 0,4	 3,5	 801	 2.621	
Port	facilities	–		
RMG-RTG	
5	 17	 1,5	 1,5	 2,5	 975	 3.315	






































HDVs	stations		 1	 1	 50	 75	 1,5	 1.755	 2.633	
Cruises	 1	 2	 2.700	 2.700	 0,5	 31.590	 63.180	
Minor	boats	 0	 2	 50	 50	 1	 0	 2.340	
Nautical	technical	
services	
2	 6	 35	 35	 1	 1.638	 4.914	
LNG	Shore-side	
electricity	




1	 3	 50	 75	 1,5	 1.755	 7.898	
Port	facilities	-	
Tractors	
4	 12	 0,4	 0,4	 2,5	 94	 281	
Port	facilities	–		 4	 12	 0,4	 0,4	 3,5	 131	 393	
Reach	stacker	 2	 6	 1,5	 1,5	 2,5	 176	 527	
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5 Study’s	 assumptions,	 location	 and	 sizing	 hypothesis	 of	 satellite	
storage	in	the	Port	of	La	Spezia	
The	 studies	 and	analysis	 related	 LNG	 supply	 system	 for	 La	 Spezia	Port	have	been	 carried	out	 taking	 into	
consideration	2	possible	solutions:	
Ø Receive	and	 feed	LNG	from	the	Panigaglia	 regasification	Terminal	 trough	Small	Scale	LNG	
services	 by	 small	 bunkering	 ships/barges	 (with	 technical	 structural	 modifications)	 or	 by	
truck;	and	




















































The	supposed	capacity	 is	 in	 line	with	 the	ratio	between	the	storage	capacity	of	similar	projects	and	their	
estimated	 total	 LNG	 turnaround	 on	 a	 yearly	 basis.	 Suitable	 conversion	 factors	 have	 been	 used	 for	 the	
purpose.	
Phase	 0	will	 ensure	 a	 turnaround	 sufficient	 to	meet	 the	 demand	 of	 the	 lower-case	 scenario	 depicted	 in	
chapter	 4,	 without	 considering	 cruise	 ships’	 related	 needs,	 thus	 accounting	 for	 a	 total	 of	 around	 7.800	
tonnes	 of	 LNG/year.	 The	 3.000	m3	 LNG	 capacity	 of	 Phase	 1	will	 guarantee	 a	 total	 turnaround	 of	 40.000	
tonnes	 LNG/year,	 covering	 the	demand	of	 the	overall	 lower-case	 scenario.	 Finally,	 Phase	 2	will	 ensure	 a	








































With	 a	 configuration	 similar	 to	 that	 proposed	 for	 the	 Port	 of	 La	 Spezia,	 the	 Klaipeda	multi-purpose	 LNG	
plant	comprises	five	identical	horizontal	vacuum	insulated	storage	tanks,	each	with	a	capacity	of	1.000	m³,	
ten	 ambient	 air	 vaporizers	 for	 gas	 delivery,	 twin	 trailer	 loading	 bays,	 which	 can	 simultaneously	 fill	 two	









Plant’s	modules	have	been	envisaged	 to	be	 those	of	a	 typical	 configuration	 for	 this	kind	of	plants	as	per	
manufacturer’s	solutions’	catalogue.	




Regarding	 the	distance	between	 the	 storage	and	 the	quay,	 the	 configuration	hereinafter	proposed	 takes	
into	 serious	 account	 that	 one	 of	 the	 biggest	 issue	 is	 cost-related,	 since	 cryogenic	 pipes	 could	 be	 very	
expensive:	if	the	plant	is	closer	to	the	quay,	the	cost	of	the	piping	is	lower	and	the	risk	factor	too.		







As	 can	 be	 seen	 from	 figure	 below,	 showing	 (left)	 the	 overall	 Terminal	 Ravano	 with	 the	 plant	 in	 full	
configuration	 (phase	 2),	 the	 sizing	 of	 the	 installation	 could	 be	 rather	 limited.	 The	 area	 needed	 for	 the	

































storage	 tanks	by	 truck	or	 ISO	container.	This	module	 is	 typically	equipped	with	a	pump	and	 flow	
metering	equipment;	
G. Control	station	&	safety	system:	consisting	of	a	main	switchboard,	PLC	touch	panel	and	all	safety	
instrumentation	 like	 gas	 detectors,	 flame	 detectors,	 LNG	 leak	 detectors	 and	 ESD	 pushbutton(s).	
Uninterrupted	 power	 supply	 is	 ensured	 by	 batteries.	 Remote	 data	 transmission	 is	 optionally	
available.	
	
With	 such	a	 configuration,	 the	 facility	would	be	capable	 to	demonstrate	 the	economic	and	 technological	
viability	of	small-scale	LNG	storage	and	distribution.		
Although	unable	to	provide	the	same	economies	of	scale	as	the	largest	LNG	terminals,	the	plant	in	the	Port	














for	a	consolidation	both	on	the	demand	side	and	on	the	 location	of	 the	plant	 in	 the	port	of	 La	Spezia,	 in	
order	to	then	achieve	a	definitive	solution	in	terms	of	capacity,	better	location	and	layout.	
Moreover,	 it	 is	 to	 be	 noted	 that	 the	 floating	 storage	 solution	 could	 reduce	 the	 uncertainty	 and	burdens	
associated	 with	 the	 planning,	 authorization	 and	 construction	 phase.	 Another	 advantage	 would	 be	 the	










The	 simulations	 regarded	 both	 international	 sources	 and	 the	 possibility	 of	 supplying	 at	 Panigaglia,	 in	
anticipation	of	the	potential	realization	of	a	Small	Scale	LNG	facility	by	GNL	Italia.		







The	 inclusion	of	Zeebrugge	and	Rotterdam	also	 results	useful	allowing	 to	 test	 cost	and	 transit	 time	 for	a	
railway	option	(transport	of	an	ISO	Container	by	train)	via	Melzo.		
For	these	potential	points	of	supply,	different	transport	option	were	tested:	by	sea	(both	containership	and	
tanker)	and	by	 road	 for	Marseille	and	Barcelona;	by	 road	and	railway	 for	Zeebrugge	and	Rotterdam.	The	
main	 simulation	 results	 are	 expressed	 in	 euro	 per	 ton,	 thus	 allowing	 to	 compare	 different	 mode	 of	
transport	 and	 handling	 of	 the	 freight.	 For	 ship	 transport	 both	 containership	 transport	 and	 tanker	 ship	
transport	have	been	considered.	For	 road	and	railway	transport,	available	data	don’t	allow	to	distinguish	




For	 every	 simulation	must	 be	 kept	 in	mind	 that	 LNG	 ISO	Containers	 and	 tanker	 ships	 represent	 peculiar	




The	2016	study	reports,	 separately	 for	 import	and	export	 flows	and	 for	each	mode	of	 transport,	average	
freight	rates	(ancillary	services	included23),	for	different	geographic	areas	in	2015.	It	is	the	main	source	the	
study	relied	on,	being	the	most	updated	and	capable	of	approximating	concrete	cases.	
The	 2014	 study	 reports,	 separately	 for	 imports	 and	 exports	 and	 for	 the	 different	 modes	 of	 transport,	
international	 transport	 costs	 in	 euro	 cents	 per	 ton-kilometre	 for	 2012.	 Starting	 from	 the	 measured	
distances	 in	 kilometres,	 a	 simulation	 was	 carried	 out	 also	 using	 these	 data.	 Results	 of	 this	 second	
elaboration	confirmed	the	choice	to	use	the	data	of	the	2016	study.	Data	contained	in	the	2016	study,	 in	
fact,	although	not	expressible	 in	terms	of	cost	per	kilometre,	 is	preferable,	as	well	as	more	updated,	also	
because	 it	 allows	 to	 keep	 under	 control	 economies	 of	 scale	 (decreasing	 average	 costs	 with	 increasing	
distances)	 and	 local	 circumstances	 in	 the	 determination	 of	 transport	 rate.	 With	 respect	 to	 this	 second	
point,	 for	example,	a	recent	study	reports	 that	 the	annual	gross	salary	of	an	 international	driver	 is	about	
20,000	euro	in	Spain	and	30,000	in	France	(CNR,	2015).	
In	order	to	estimate	transit	time,	kilometric	distances	were	calculated	in	the	first	place	using	the	calculation	
engine	 provided	 by	 EcoTransIT.24	 After	 that,	 applying	 to	 kilometric	 distances	 some	 speed	 parameter	
differentiated	by	mode	of	transport,	transit	time	were	estimated.	For	road	transport	mandatory	rest	time	
for	drivers	was	considered	as	well.25	For	the	transit	time	estimation,	standby,	loading	and	unloading	times	
were	 not	 considered.	 Transit	 time	 must	 then	 be	 considered	 as	 “pure	 transit	 time”.	 However	 some	
consideration	 about	 standby	 time	 and	 handling	 time	 for	 container	 transport	 by	 rail	 are	 reported	 in	
dedicated	paragraph.		
As	for	supplying	from	Panigaglia,	a	different	kind	of	estimation	was	realized,	with	the	purpose	of	estimating	






24	The	methodology	behind	EcoTransIT	was	developed	by	 the	German	 Institute	 for	 Energy	 and	Environmental	Research	 (IFEU	 -	







of	 vehicle	 by	 the	 Ministry	 of	 Infrastructure	 and	 Transport26.	 The	 used	 cost	 includes	 depreciation,	
maintenance,	tires,	cost	of	labor,	fuel,	and	other	factors.	
Road	 distance	 was	 calculated	 both	 via	 Google	Maps	 and	 Tom	 Tom.	 This	 second	 platform,	 in	 particular,	
allows	to	set	parameters	for	a	heavy	truck,	its	laden	weight	and	hazardous	goods	transportation.	
The	barge	cost	was	derived	by	hourly	cost	included	in	price	lists	for	public	works	published	by	local	public	
administration	bodies.	Distance	between	Panigaglia	and	 the	port	of	 La	Spezia	 (3.5	km)	was	measured	on	
Google	Maps.		




The	 results	 of	 the	 simulations	 on	 cost	 and	 transit	 time	 are	 hereinafter	 presented	 and	 discussed	 in	
paragraph	6.3.	
As	 far	 as	 the	 unitary	 costs	 associated	 to	 each	 supply	 route,	 table	 below	 recaps	 the	 voices	 in	 terms	 of	










Marseille Barcelona Zeebrugge Rotterdam
Container ship 96 96 - -
Tanker ship 80 69 - -
Road 116 100 116 116





















Marseille Barcelona Zeebrugge Rotterdam
Container ship 14 19 - -
Tanker ship 14 19 - -
Road 9 19 25 25
Rail - - 33 37
Mode of transport
Transit time (hours)
Marseille Barcelona Zeebrugge Rotterdam
Container ship 1.723 1.723 - -
Road 2.092 1.804 2.093 2.093
Rail - - 909 909
Mode of transport





Container ship 96 14


































Container ship 96 19

































































































take	a	 container	 from	 the	 rail	 yard	of	origin	 to	 the	 rail	 yard	of	destination	 includes	other	 voices	 such	as	
standby	in	terminals	and	handling	of	the	container.	
Taking	 as	 reference	operational	 time	 for	 an	 actual	 existing	 service,	 it’s	 possible	 to	 estimate	 standby	 and	




























Considering	 the	demand	of	 LNG	estimated	 for	 La	Spezia	 in	 two	different	 scenarios,	 transport	 costs	 to	be	















results	 the	 most	 convenient	 while	 the	 others	 are	 on	 the	 same	 level.	 According	 to	 the	 simulation,	 rail	
supplying	from	Zeebrugge	or	Rotterdam	should	be	more	expensive	than	maritime	supplying	from	Marseille	
or	Barcelona.	
Marseille Barcelona Zeebrugge Rotterdam
Container ship 3,8 3,8 - -
Bulk ship 3,2 2,7 - -
Road 4,6 4,0 4,6 4,6
Rail - - 2,0 2,0
Mode of transport
Cost of transport for annual demand (mio euro)
Lower-case scenario
Marseille Barcelona Zeebrugge Rotterdam
Container ship 8,5 8,5 - -
Bulk ship 7,1 6,1 - -
Road 10,4 8,9 10,4 10,4
Rail - - 4,5 4,5
Mode of transport




As	 for	 “pure”	 transit	 time,	 road	supplying	 from	Barcelona	 results	 the	 fastest	among	all	options	while	 rail	
from	 Zeebrugge	 or	 Rotterdam	 the	 slowest	 (and	 considering	 that	 standby	 and	 handling	 times	 are	 not	
considered,	total	transit	time	by	rail	is	even	higher).		
In	 this	 regard,	 it	 is	 noticeable	 that	 rail	 transport	 of	 LNG	 is	 not	widespread	 at	 present.	 The	main	 case	 of	
diversification	in	terms	of	logistic	solution	is	represented	by	the	experience	of	Liquimet	S.p.A.	that	supplies	
its	 C-LNG	 truck	 refueling	 station	 located	 at	 Interporto	 Padova	 (one	 of	 the	 most	 important	 rail-road	
terminals	 in	 the	 Veneto	 Region)	 through	 ISO-containers	 loaded	 with	 LNG	 at	 the	 Belgian	 terminal	 of	
Zeebrugge,	 then	 transported	by	 rail	 to	 Italy	 via	 the	 carrier	 Contship	 (that	 in	 turns	manages	 the	 rail-road	
terminal	of	Melzo	(near	Milan).	
	
As	 far	 as	 the	 currently	 available	 International	 LNG	 terminals	 offering	 LNG	 SS	 services	 are	 concerned,	
supplying	 the	Port	of	 La	Spezia	 from	Barcelona	 results	 to	be	 the	most	 feasible	option	 from	an	economic	
point	of	view,	despite	the	distance	is	shorter	than	for	Marseille.	
In	particular,	road	transport	costs	result	lower	for	imports	from	Spain	than	from	France.		





















It	 is	 expected	 that	 the	 situation	 won’	 change	 in	 the	 future,	 since	Marseille-Fos	 is	 expected	 to	 continue	
playing	an	 important	role	 in	LNG	supply	to	 Italy	until	national	game	changers	will	enter	the	game.	This	 is	
particularly	true	if	we	consider	that	the	Marseille-Fos	terminal	is	going	o	be	improved.	
By	2021,	in	fact,	Elengy	intends	to	extend	terminal	bunkering	activities	by	ensuring	the	supply	of	LNG	to	at	
least	 100	 units.	 Fosmax	 Lng	 then	 started	 a	 project	 to	 modify	 the	 quay	 that	 will	 allow	 the	 Fos	 Cavaou	
Company	 Region	 Province	 City	
Year	of	
operation	



















that	 would	 be	 suitable	 for	 cruise	 ships	 and	 ferries	 as	 well	 as	 container	 ships,	 but	 also	 the	 rapid	
















With	all	 that	 in	mind,	however,	 the	overall	cost	 for	providing	the	Port	of	La	Spezia	of	the	LNG	needed	to	
cover	 the	 entire	 demand	 in	 the	 lower-case	 and	 even	more	 in	 the	 higher-case	 scenario	 by	 road	 tankers	
seems	prohibitive.	
A	more	feasible	option	would	be	that	of	supplying	by	container	ships	o	bulk	ships	(the	latter	type	possibly	










As	 far	 as	 the	 economic	 viability	 and	 practicability	 of	 supplying	 LNG	 from	 international	 terminals	 is	
concerned	(with	Marseille-Fos	at	the	helm),	it	can	be	concluded	that	the	competitiveness	of	LNG	end	uses	
in	Italy	in	general	and	in	La	Spezia	in	particular,	is	conditioned	by	the	current	supply	logistics	costs.		
The	 downstream	 costs	 remain	 high	 even	 if	 they	 were	 reduced	 with	 the	 upgrading	 of	 the	 Fos	 Tonkin	

























Cruise ferries 70,200 140,400
Other users 17,529 57,788
Total 87,729 198,188
Users










































For	 the	 2	 options	 considered	 some	 peculiar	 characteristics,	 from	 an	 operational	 point	 of	 view,	 can	 be	
derived	or	supposed	referring	to	the	technology	solutions	available	and	to	the	previously	cited	studies.	
In	 particular,	 two	 factors	 concur	 to	 differentiate,	 along	with	 capacity	 itself,	 one	 case	 from	 another:	 LNG	
transfer	rates	and	transit	time	to	La	Spezia.	



















Preliminary operations 30 minutes 30 minutes 30 minutes 30 minutes
Loading rate 30-450 m3/h 500 m3/h 400 m3/h 800 m3/h
Transit time 40 minutes 40 minutes 14 hours 14 hours
Unloading/bunkering rate 30-450 m3/h 500 m3/h 400 m3/h 500 m3/h











Preliminary operations 30 minutes 30 minutes 30 minutes 30 minutes
Loading rate 30-450 m3/h 500 m3/h 400 m3/h 800 m3/h
Transit time 40 minutes 40 minutes 14 hours 14 hours
Unloading/bunkering rate 30-450 m3/h 500 m3/h 400 m3/h 500 m3/h



























Preliminary operations 0.5 0.5 0.5 0.5
Loading 6.0 4.4 2.5 8.1
Transit time 0.7 0.7 14 14
Unloading/bunkering 6.0 4.4 2.5 13.0
Final operations 0.5 0.5 0.5 0.5
Total operational time per trip - transit time included 13.7 10.5 20,0 36.1
Total n of supply trips - lower scenario 73 40 88 13
Total n of supply trips - higher scenario 165 90 198 30
Annual operational time - lower scenario 998 419 1,760 470











Preliminary op rations 0.5 0.5 0.5 0.5
Loading 6.0 4.4 2.5 8.1
Transit time 0.7 0.7 14 14
Unloading/bu kering 6.0 4.4 2.5 13.0
Final operatio s 0.5 0.5 0.5 0.5
Total operation l tim  per trip - transit time included 13.7 10.5 20,0 36.1
Total n of supply trips - lower scenario 73 40 88 13
Total n of supply trips - higher scenario 165 90 198 30
Annual operation l tim  - lower scenario 998 419 1,760 470
Annual operation l tim  - higher sc nario 2,255 942 3,960 1,084
Operation








Such	 studies	 may	 have	 a	 purely	 scientific	 purposes,	 they	 may	 be	 focused	 on	 the	 local	 impacts	 of	 air	
pollutants,	 on	 the	 externalities	 produced,	 on	 the	 upstream	 side	 of	 the	 supply	 chain	 or	 with	 a	 LCA	
perspective.		
It	may	be	the	case	that	investigations	on	the	production	of	GHGs	and	air	pollutants	associated	to	the	LNG	
supply	 for	 a	 certain	 node	 are	 aimed	 at	 providing	 useful	 elements	 to	 evaluate	 the	 suitability	 of	 supply	
pathways	and,	all	in	all,	the	competitiveness	of	the	node	itself.	
With	 this	 overall	 purpose	 this	 study	 stemmed	 from	 the	 awareness	 that	 one	 of	 the	 principal	 reasons	 to	









The	 first	 step	 was	 to	 shift	 the	 economic	 and	 operational	 considerations	 deriving	 from	 the	 simulations	
undertaken	 and	 described	 in	 Paragraph	 5.2,	 towards	 the	 environmental	 dimension.	 Thus,	 the	 potential	
supply	 sources	 of	 LNG	 described	 in	 Paragraph	 3.3	 have	 been	 considered	 in	 the	 analysis	 to	 estimate	 the	
energy	 efficiency,	 GHGs	 and	 air	 pollutants	 emissions	 associated	 to	 LNG	 transport	 pathways	 from	 those	
supply	sources,	which	are	already	existing	and	able	to	provide	SS	services,	thus	depicting	what	can	be	called	





























































Besides	 those	 falling	 within	 the	 scope	 of	 the	 GAINN	 Projects	 considered	 above	 and	 described	 in	 the	







































































































With	a	view	 to	providing	additional	 services	 for	 Small	 Scale	bunkering,	 the	 terminal	 could	be	adapted	 to	
provide	 for	 the	possibility	of	 loading	LNG	on	small	 LNG	bunkering	vessels,	with	a	 length	between	60	and	
110	meters,	currently	corresponding	to	a	 load	capacity	of	between	1,000	m3	and	7,500	m3	and	a	 loading	
rate	between	250	m3/h	900	m3/h.	



















Already	 used	 by	 several	 companies	 	of	 all	 sizes	 all	 over	 Europe	 and	 as	 tool	 at	 the	 basis	 of	 the	 study	
methodology	of	a	number	of	scientific	papers,	EcoTransIT	is	as	pertinent	to	the	study	of	large-scale	flows	as	




EcoTransIT	World	 (ETW),	meaning	 Ecological	 Transport	 Information	 Tool	 –	worldwide,	 is	 an	 open	 access	
online	application,	which	shows	the	environmental	 impact	of	 freight	transport	 for	any	route	 in	the	world	
and	 any	 transport	 mode.	 More	 than	 showing	 the	 impact	 of	 a	 single	 shipment	 it	 compares	 different	
transport	modes	or	 logistical	 chains	with	each	other	 thus	making	evident,	which	 is	 the	 solution	with	 the	
lowest	environmental	impact.	





used	 in	 ETW.	 The	 focus	will	 be	 on	 the	 common	 rules	 for	 all	 transport	modes	 and	 the	 basic	 differences	
between	 them.	 Detailed	 data	 and	 special	 rules	 for	 each	 transport	 mode	 are	 described	 in	 chapter	 6.	 In	
general,	 the	 calculation	 rules	 and	 methodologies	 used	 by	 ETW	 are	 in	 accordance	 with	 the	 European	
standard	EN	16258.		
7.2.2 Main	factors	of	influence	on	energy	and	emissions	of	freight	transport		











In	 ETW,	 parameters	 with	 high	 influence	 on	 energy	 consumption	 and	 emissions	 can	 be	 changed	 in	 the	
extended	input	mode	by	the	user.	Some	other	parameters	(particularly	the	transport	distance)	are	selected	
by	the	routing	system.	All	other	parameters,	which	are	either	less	important	or	cannot	be	quantified	easily	
(e.g.	 weather	 conditions,	 traffic	 density	 and	 traffic	 jam,	 number	 of	 stops)	 are	 included	 in	 the	 average	
environmental	key	figures.	The	following	table	gives	an	overview	on	the	relevant	parameters	and	their	han-	
dling	 (standard	 input	mode,	extended	 input	mode,	 routing).	 	Independent	of	 the	possibility	 that	user	can	
change	 values	 ETW	 includes	 so	 called	 standard	 values	 or	 default	 values	 for	 all	 parameters.	 The	 default	
values	used	by	ETW	will	be	presented	in	the	next	chapters.	All	default	values	are	chosen	in	such	a	way,	that	
they	 are	 in	 line	 with	 the	 European	 standard	 EN	 16258.	 Or	 in	 other	 words:	 if	 users	 calculate	 energy	






Table	41	–	Classification and mode (standard, extended, routing) of main influence factors on energy consumption 
and emissions in ETW 
	
7.2.3 Basic	rules	for	energy	consumption	calculations	


























− WTW	 energy	 consumption	 and	 emissions	 also	 depend	 on	 routing	 (e.g.	 road	 categories,	
electrification	 of	 railway	 line,	 gradient,	 distance	 for	 airplanes).	 This	 correlation	 is	 not	 shown	 as	
variable	index	in	the	formulas	due	to	better	readability.			













The	 trailers	 consist	 of	 a	 horizontal	 vacuum-insulated	 tank	 composed	 of	 an	 ‘inner’	 pressure	 vessel	 and	 a	
structural	 frame/vacuum	 vessel	 ‘outer’	 jacket.	 The	 outer	 jacket	 is	 made	 from	 lightweight,	 thin-gauge	
carbon	 and	 stainless	 steel,	 and	 the	 inner	 vessel	 is	 a	 70	 psig	 pressure	 vessel	 made	 from	 SA240	 T-304	
stainless	steel.		
The	 control	 piping	 and	 instruments	 are	 located	 in	 a	 spacious,	 wrap-around	 style,	 rear	 piping	 cabinet.	
Maximum	use	 is	made	of	 the	available	space	at	 the	end	of	 the	trailer	 to	make	the	control	piping	easy	to	
operate,	 access	 and	 maintain.	 Use	 of	 drop-down	 piping	 allows	 for	 waist-high	 connection	 of	 the	 fill	
connectors	(fill/drain	and	vapour	return).	



















capacity	 of	 43,500	 liters	 (around	 18,5	 tonnes)	 of	 LNG	 at	 a	 maximum	 pressure	 of	 10	 bar.	 The	 40	 foot	













reductions	 and	 lower	 fuel	 costs	 some	 fleet	 managers	 invested	 into	 alternative	 fuels	 recently.	 In	 2014	
around	200,000	heavy	or	medium-heavy	 trucks	 in	Europe	 (most	of	 them	 in	Eastern	Europe)	and	350,000	
heavy	 or	 medium-heavy	 trucks	 in	 China	 were	 using	 CNG	 or	 LNG	 according	 to	 the	 natural	 gas	 vehicle	
association	(NGVA).		











efficiency	 of	 the	 stoichiometric	 spark	 ignition	 engine	 used	 for	 most	 gas	 trucks.	 Based	 on	 a	 review	 of	
literature	 and	 fleet	 park	 operator’s	 data	 a	 24%	higher	 energy	 consumption	 compared	 to	 diesel	 trucks	 is	
assumed.	Dual	fuel	trucks	use	compression	ignition	(diesel)	engines	and	are	therefore	assumed	to	have	the	















Furthermore,	 the	 processes	 for	 energy	 generation	 greatly	 differ	 for	 the	 different	 truck	 types.	 These	
emissions	 have	 to	 be	 included	 for	 an	 adequate	 comparison	 of	 emissions,	 especially	 for	 electric	 trucks.	
Emissions	 from	vehicle	 construction	 are	not	 yet	within	 the	 scope	of	 EcoTransIT,	 but	 can	have	a	 relevant	
share	of	lifecycle	emissions	(i.e.	for	batteries).		
Considerations	on	energy	consumption	and	GHGs	related	to	LNG	road	transport		
The	energy	and	GHG	conversion	 factors	 (e.g.	MJ	or	kg	CO2	equivalent	per	 litre	diesel)	 for	 the	EcoTransIT	
World	calculation	are	taken	from	the	appendix	A	of	the	standard	EN	16258	without	changes.	For	European	
trucks	a	biofuel	share	of	5	%	is	considered	for	diesel.		


































• t/TEU:	 the	 value	 of	 14,5	 of	 tonnes	 per	 containerized	 unit	 is	 set	 automatically	 for	 heavy	 cargoes	
which	has	been	selected	(however,	this	has	not	any	incidence	on	the	overall	calculations);	
• Handling	 type:	 being	 it	 a	 liquid,	 but	 at	 cryogenic	 state,	 the	 handling	was	 kept	 undefined	 as	 not	
present	among	the	options	(however,	also	this	has	not	any	incidence	on	the	overall	calculations);	
• Origin	and	destination:	geographical	coordinates	of	the	supply	terminals	and	of	Terminal	Ravano	as	
delivery	 destination	 (followed	 by	 map	 waypoint’s	 selection	 on	 the	 tool’s	 interface)	 have	 been	
inserted;	












Rail	 transportation	 of	 LNG	by	 ISO	 container	 has	 been	 proposed	 for	 Sweden	 and	 Finland.	 Swedish	 railcar	
manufacturer	 Kiruna	Wagon	 has	 developed	 plans	 for	 a	 railcar	 concept	 suitable	 for	 LNG	 ISO	 containers.	






















available.	The	 ISO	LNG	containers	also	provide	 increased	opportunities	 for	LNG	to	be	supplied	to	vessels.	
There	may	also	be	the	option,	(that	was	not	explored	in	this	study),	of	placing	ISO	LNG	containers	on	barges	
that	can	provide	mid-stream	refuelling	 from	the	 ISO	LNG	containers	 to	vessels	alongside.	Stacking	of	 the	
																																								 																				
	
28	Ragnar. Martin, “Rail transportation of liquid methane in Sweden and Finland”, SGC Rapport 2014:295, Svenskt 










As	 far	as	 the	parameters	adopted	as	 input	 for	 the	rail	 transport	calculations	on	the	EcoTransit	Tool	 in	 its	
extended	version,	as	shown	in	figure	below,	the	same	cargo	weight	for	road	transport	has	been	adopted,	as	
also	in	this	case	the	LNG	cargo	is	supposed	to	be	transported	contained	in	ISO	cryogenic	units.	Also	in	this	
case,	 for	 origin	 and	 destination	 the	 geographical	 coordinates	 of	 the	 supply	 terminals	 and	 of	 Terminal	








wagon	 class	 Type	1	UIC	571-2	 (ordinary	 class,	 four	 axles,	
short,	empty	weight	23	tonnes);	
• Loading	 Factor	 (LF):	 since	 the	 payload	 capacity	 for	 that	
type	 of	 wagon	 is	 of	 61	 tonnes,	 as	 defined	 by	 railway	
experts	 of	 the	 EcoTransIT	 World	 Initiative	 (EWI),	 the	
resulting	 maximum	 total	 wagon	 weight	 being	 84	 tonnes	




































main	 engine,	 auxiliary	 engine,	 and	 boiler,	 for	 a	 virtual	 one-year	 period	 in	 the	 standard	 assumption.	 The	
results	are	normalized	to	one	tonne-kilometre	(i.e.	expressed	in	g/tkm).		
The	 actual	 bottom-up	 emissions	 factors	 (assumed	 at	 75%	 engine	 load)	 for	 all	 non-sulphur-dependent	
pollutants	 are	presented	 in	 Table	32	 and	 SOx	and	PM	are	presented	 in	 Table	33	 (see	Table	22	 for	more	
details).	As	noted	above,	SOx	and	PM	emissions	factors	vary	depending	on	the	sulphur	content	of	the	fuels	
consumed.	MEPC	 annual	 reports	 from	 the	 sulphur	monitoring	 programme	were	 used	 to	 determine	 the	
average	 sulphur	 content	 for	 both	 HFO	 and	MDO/MGO	 fuels	 from	 2007	 to	 2012.	 For	 regional	 variations	























Pollution	 from	 Ships”,	 also	 known	 as	 MARPOL.	 Annex	 VI	 defines	 two	 sets	 of	 emission	 and	 fuel	 quality	









options	exist	to	comply	with	the	emission	 limits	 in	ECAs.	Currently	the	most	widespread	 is	to	use	Marine	
Diesel	 Oil	 (MDO),	 which	 has	 a	 sulphur	 content	 of	 0.1%.	 Other	 options	 are	 to	 use	 scrubber,	 an	 after-
treatment	technology	that	uses	sea	water	to	wash	SO2	out	of	the	exhaust	gas,	or	to	switch	to	LNG	instead	
of	diesel.	However,	 the	 latter	 two	options	are	not	very	widespread:	as	of	 January	2015,	only	0.6%	of	 the	
world	 fleet	was	 fitted	with	 scrubbers,	 and	 even	 fewer	 ships	 used	 LNG.	 	In	 ETW,	 it	 is	 therefore	 currently	
assumed	 that	 all	 ships	 comply	 with	 ECA	 emission	 limits	 (as	 well	 as	 special	 emission	 limits	 in	 ports)	 by	
switching	 to	 MDO.	 This	 is	 implemented	 by	 splitting	 the	 journey	 travelled	 into	 the	 distance	 within	 and	
outside	ECAs.	For	 the	distance	within	ECAs,	 the	 fuel	 consumption	and	emission	 factors	 for	MDO	(Marine	
Diesel	Oil)	are	applied,	and	 for	 the	distance	outside,	 the	 factors	 for	HFO.	 	Besides	ECAs,	 stricter	emission	


































• t/TEU:	 the	 value	 of	 14,5	 of	 tonnes	 per	 containerized	 unit	 is	 set	 automatically	 for	 heavy	 cargoes	
which	has	been	selected	(however,	this	has	not	any	incidence	on	the	overall	calculations);	























The	 results	of	 the	 simulations	undertaken	using	 the	EcoTransit	 Tool	 for	each	 transport	mode	along	each	
defined	route	are	reported	in	separate	Appendices	attached	to	the	present	document,	as	hereby	recapped.	
• Appendix	A	–	EcoTransit	LNG	transport	simulation	results	on	single	trips	from	existing	LNG	terminals.	
− A1	 -	 Energy	 consumption	 and	 GHGs	 related	 to	 LNG	 road	 transport	 to	 supply	 La	 Spezia	 from	
existing	terminals	using	diesel	or	LNG	as	a	truck	fuel.	






− A5	 -	 Energy	 consumption	and	GHGs	 related	 to	waterborne	 transport	 to	 supply	 La	 Spezia	with	
LNG	from	existing	suitable	terminals	via	2200	m3	or	7500	m3	feeder	ships.	






− B1	 -	 Energy	 consumption	 and	 GHGs	 related	 to	 LNG	 road	 transport	 to	 supply	 La	 Spezia	 from	
suitable	planned	terminals	using	diesel	or	LNG	as	a	truck	fuel.	




− B4	 -	 Air	 pollutants	 emissions	 related	 to	 rail	 transport	 to	 supply	 La	 Spezia	 with	 LNG	 ISO-
containers	from	planned	suitable	terminals.	




− B6	 –	 Waterborne	 transport	 2020	 scenario.	 GHGs	 and	 air	 pollutants	 emissions	 related	 to	
waterborne	transport	to	supply	La	Spezia	with	LNG	from	planned	suitable	terminals	via	2200	m3	
or	7500	m3	feeder	ships	(LNG/conventional	fuels	comparison).	
7.3.1 Transport	 modes’	 respective	 energy	 consumption,	 GHGs	 and	 air	 pollutants	 per	 unit	 of	
cargo/distance	
The	 results	 of	 the	 simulations	 focused	 on	 GHGs	 emissions	 and	 energy	 consumption	 associated	 to	 road	
transport	 of	 LNG	 ISO-containers	 along	 individual	 itinerary	 are	 presented	 in	Appendix	A1,	 and	 have	 been	
further	elaborated	 to	provide	an	estimation	of	 the	energy	consumption	and	GHGs	generation	 for	unit	of	


































































RAIL	 4,964E-07	 7,524E-06	 8,778E-06	 1,019E-06	
	LNG	TRUCK	 0,014	 0,079	 0,074	 0,006	
DIESEL	TRUCK	 0,039	 0,047	 0,095	 0,003	
7500m3	BUNKERING	VESSEL	(HFO	Fuelled)	 0,012	 0,176	 0,205	 0,024	





is	 said	 for	 NOX	 emissions,	 while	 quantities	 of	 PM	 produced	 by	 road	 transport	 are	 even	 one	 order	 of	
magnitude	below	those	generated	by	ship’s	transport.	
But	 the	 situation	 turns	 again	 when	 traditional	 fuel	 for	 shipping	 is	 replaced	 by	MDO	 or	 LNG.	 In	 fact,	 as	
shown	 in	 figure	 below,	 notwithstanding	 the	 best	 environmental	 performances	 of	 rail	 transport,	 the	
transport	of	LNG	via	relatively	small	feeder	ship	or	bunkering	vessel	becomes	more	sustainable	then	truck	
transport	 also	 as	 far	 as	 PM	 and	 SOx	 emissions	 are	 concerned	 when	 MDO	 or	 LNG	 are	 used	 as	 fuel,	
something	 that	 from	 2020	 onwards	 will	 become	 mandatory	 to	 replace	 HFO	 and	 offsetting	 its	 negative	
repercussions	on	air	quality.	Yet,	it	is	to	be	noticed	that	only	with	LNG	as	a	fuel	the	waterborne	transport	




























RAIL	 4,964E-07	 7,524E-06	 8,778E-06	 1,019E-06	
	LNG	TRUCK	 0,014	 0,079	 0,074	 0,006	
DIESEL	TRUCK	 0,039	 0,047	 0,095	 0,003	
7500m3	BUNKERING	VESSEL	(HFO	Fuelled)	 0,012	 0,176	 0,205	 0,024	
2200m3	FEEDER	SHIP	(HFO	Fuelled)	 0,018	 0,273	 0,319	 0,037	
7500m3	BUNKERING	VESSEL	(MDO	fuelled)	 0,012	 0,006	 0,127	 2,312E-03	
2200m3	FEEDER	SHIP	(MDO	fuelled)	 0,018	 0,010	 0,197	 3,637E-03	
7500m3	BUNKERING	VESSEL	(LNG	fuelled)	 0,011	 7,167E-05	 0,031	 6,135E-04	
2200m3	FEEDER	SHIP	(LNG	fuelled)	 0,018	 1,111E-04	 0,048	 9,654E-04	
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7.3.2 Road	 transport’s	energy	 consumption,	GHGs	and	air	pollutants:	 single	 trips	performances	
and	 elaboration	with	an	 eye	 towards	 estimations	of	 the	 impacts	 to	 cover	 the	 entire	 LNG	
demand	for	the	port	of	La	Spezia	from	existing	terminals	


















































Zeebrugge-La	Spezia	 1,153	 3,0	 1,438	 3,32	
Rotterdam-La	Spezia	 1,205	 3,1	 1,503	 3,47	
Marseille-La	Spezia	 0,505	 1,3	 0,627	 1,45	

































































































































































































































BarcelonaKLa#Spezia# 4.237,0# 10.787,6# 1.969,6# 5.014,8# 9.571,8# 24.370,2# 4.449,6# 11.328,9#
MarseilleKLa#Spezia# 2.318,2# 5.921,7# 1.077,6# 2.752,8# 5.237,0# 13.377,7# 2.434,5# 6.218,8#
RoTerdamKLa#Spezia# 5.531,5# 14.184,6# 2.571,4# 6.593,9# 12.496,2# 32.044,2# 5.809,1# 14.896,2#




























































































































































































BarcelonaKLa#Spezia# 4.237,0# 10.787,6# 1.969,6# 5.014,8# 9.571,8# 24.370,2# 4.449,6# 11.328,9#
MarseilleKLa#Spezia# 2.318,2# 5.921,7# 1.077,6# 2.752,8# 5.237,0# 13.377,7# 2.434,5# 6.218,8#
RoTerdamKLa#Spezia# 5.531,5# 14.184,6# 2.571,4# 6.593,9# 12.496,2# 32.044,2# 5.809,1# 14.896,2#
ZeebruggeKLa#Spezia# 5.292,8# 13.587,8# 2.460,4# 6.316,5# 11.957,0# 30.696,1# 5.558,4# 14.269,5#
Titolo&del&grafico&































































































































































Barcelona-La	Spezia	 5.256,1	 12.118,8	 2.443,4	 5.633,6	 11.874,0	 27.377,6	 5.519,8	 12.726,9	
Marseille-La	Spezia	 2.878,2	 6.656,2	 1.338,0	 3.094,2	 6.502,2	 15.036,9	 3.022,6	 6.990,1	
Rotterdam-La	Spezia	 6.899,5	 15.928,9	 3.207,3	 7.404,8	 15.586,6	 35.984,9	 7.245,6	 16.728,1	

















































































Non>methane#hydrocarbon#(NMHC)## 1.856,5# 682,9# 1.941,9# 704,2# 810,9# 298,8# 1.472,4# 533,5#
Sulfur#dioxide#(SO2)## 2.219,3# 3.755,7# 2.326,0# 3.926,5# 960,3# 1.643,1# 1.771,2# 2.987,5#
Nitrogen#oxides#(NOx)## 4.502,6# 3.521,0# 4.694,7# 3.691,7# 1.963,2# 1.536,4# 3.606,4# 2.816,8#
ParVculate#maEer#(PM10)## 130,2# 298,8# 136,6# 298,8# 57,6# 128,0# 104,6# 234,7#
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Non8methane#hydrocarbon#(NMHC)## 4.194,1# 1.542,7# 4.386,9# 1.590,9# 1.831,9# 674,9# 3.326,3# 1.205,2#
Sulfur#dioxide#(SO2)## 5.013,6# 8.484,6# 5.254,7# 8.870,3# 2.169,4# 3.712,0# 4.001,3# 6.749,1#
Nitrogen#oxides#(NOx)## 10.171,9# 7.954,3# 10.605,7# 8.340,0# 4.435,1# 3.471,0# 8.147,1# 6.363,4#
ParVculate#ma?er#(PM10)## 294,1# 674,9# 308,5# 674,9# 130,2# 289,2# 236,2# 530,3#
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7.3.3 Road	 transport’s	energy	 consumption,	GHGs	and	air	pollutants:	 single	 trips	performances	
and	 elaboration	with	an	 eye	 towards	 estimations	of	 the	 impacts	 to	 cover	 the	 entire	 LNG	
demand	for	the	port	of	La	Spezia	from	suitable	planned	terminals	
























































Livorno-La	Spezia	 0,09	 0,23	 0,11	 0,26	




with	 estimations	 related	 to	 the	 LNG	 supply	 to	 cover	 the	 entire	 future	 demand	 (higher	 and	 lower	 cases	
scenarios)	 of	 La	 Spezia	 from	 Livorno	 and	 Venezia	 forthcoming	 facilities.	 Additionally,	 the	 comparison	






























































































Venezia-La	Spezia	 1.551,6	 721,3	 3.505,2	 1.629,4	 3.993,7	 1.856,5	 9.022,2	 4.194,1	





during	 road	 transport	 of	 LNG	 as	 a	 cargo	 from	 the	 planned	 terminals	 in	 Livorno	 and	 Venezia.	 Given	 the	




The	 environmental	 impact	 associated	 to	 the	 supply	 from	 Livorno	 is	 still	 consistent	 but	 remains	 in	 a	
reasonable	 range	 as	 far	 as	 the	 lower	 case	 scenario	 is	 concerned,	 being	 almost	 75%	 lower	 than	 that	

































Diesel	Truck	 LNG	Truck	 Diesel	Truck	 LNG	Truck	
Non-methane	hydrocarbon	
(NMHC)		 145,11	 53,35	 554,83	 200,59	
Sulfur	dioxide	(SO2)		 172,85	 298,75	 661,52	 1.109,65	
Nitrogen	oxides	(NOx)		 341,43	 277,41	 1.323,05	 1.045,63	
Particulate	matter	(PM10)		 10,24	 23,47	 38,41	 85,36	
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and	 elaboration	with	an	 eye	 towards	 estimations	of	 the	 impacts	 to	 cover	 the	 entire	 LNG	
demand	for	the	port	of	La	Spezia	from	existing	terminals	

































Diesel	Truck	 LNG	Truck	 Diesel	Truck	 LNG	Truck	
Non-methane	hydrocarbon	
(NMHC)		 327,81	 120,52	 1.253,41	 453,15	
Sulfur	dioxide	(SO2)		 390,48	 674,91	 1.494,44	 2.506,81	
Nitrogen	oxides	(NOx)		 771,33	 626,70	 2.988,89	 2.362,19	
Particulate	matter	(PM10)		 23,14	 53,03	 86,77	 192,83	
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Values	 differs	 greatly	 from	 those	 associated	 to	 road	 transport,	 not	 only	 by	 virtue	 of	 the	 unsurprisingly	









































































































Rotterdam-La	Spezia	 248,32	 115,45	 561,02	 260,76	 188,19	 87,49	 425,17	 197,62	











































20ft	ISO	container	 40	ft	ISO	container	 20ft	ISO	container	 40	ft	ISO	container	
Non-methane	hydrocarbon	(NMHC)	(kg)	 22,83	 11,10	 24,15	 11,74	
Sulfur	dioxide	(SO2)	(kg)	 201,94	 98,16	 223,89	 108,83	
Nitrogen	oxides	(NOx)	(kg)	 381,93	 185,66	 412,66	 200,60	









and	 elaboration	with	an	 eye	 towards	 estimations	of	 the	 impacts	 to	 cover	 the	 entire	 LNG	
demand	for	the	port	of	La	Spezia	from	suitable	planned	terminals	




With	a	view	at	allowing	 the	comparison	with	 the	outcomes	of	 the	simulation	encompassing	existing	LNG	
terminals	to	supply	La	Spezia,	the	same	elaborations	have	been	made	depicting	a	scenario	in	which	the	LNG	
supply	would	come	from	suitable	planned	terminals.	
Therefore,	 the	 following	graph	and	 table	 summarize	 the	 results	 related	 to	 rail	 transport	 supply	 from	 the	
planned	terminals	located	in	Livorno	and	Venezia	(see	main	technical	features	at	paragraph	2.3.5	and	2.3.6	



























20ft	ISO	container	 40	ft	ISO	container	 20ft	ISO	container	 40	ft	ISO	container	
Non-methane	hydrocarbon	(NMHC)	(kg)	 53,92	 25,06	 57,04	 26,51	
Sulfur	dioxide	(SO2)	(kg)	 477,02	 221,72	 528,87	 245,82	
Nitrogen	oxides	(NOx)	(kg)	 902,19	 419,34	 974,78	 453,08	












































































































Livorno-La	Spezia	 16,52	 7,68	 37,33	 17,35	 29,84	 13,87	 67,41	 31,33	






































20ft	ISO	container	 40	ft	ISO	container	 20ft	ISO	container	 40	ft	ISO	container	
Non-methane	hydrocarbon	(NMHC)	(kg)	 23,87	 11,08	 8,72	 4,05	
Sulfur	dioxide	(SO2)	(kg)	 211,14	 97,98	 33,97	 15,76	
Nitrogen	oxides	(NOx)	(kg)	 399,33	 185,31	 114,75	 53,25	








7.3.6 Waterborne	 transport’s	 energy	 consumption,	 GHGs	 and	 air	 pollutants:	 single	 trips	
performances	and	elaboration	with	an	eye	towards	estimations	of	the	impacts	to	cover	the	
entire	LNG	demand	for	the	port	of	La	Spezia	from	existing	terminals	


































20ft	ISO	container	 40	ft	ISO	container	 20ft	ISO	container	 40	ft	ISO	container	
Non-methane	hydrocarbon	(NMHC)	(kg)	 53,92	 25,06	 19,70	 9,16	
Sulfur	dioxide	(SO2)	(kg)	 477,02	 221,72	 76,74	 35,67	
Nitrogen	oxides	(NOx)	(kg)	 902,19	 419,34	 259,25	 120,50	
Particulate	matter	(PM10)	(kg)	 103,70	 48,20	 15,56	 7,23	
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In	 the	 lower	 case	 scenario,	 the	 best	 performance	 in	 terms	 of	 energy	 consumption	 and	GHG	 production	
would	come	from	a	supply	service	based	on	12	 trips	of	a	7.500	m3	bunkering	vessel	providing	LNG	from	
Marseille.	Using	such	a	service	as	unique	supply	modality,	around	220	tonnes	of	CO2	equivalents	would	be	
generated	 in	 the	 front	of	an	energy	consumption	of	around	78.000	 litres	of	diesel	equivalent	 throughout	
the	year	to	meet	demand	requirements	in	a	2025	perspective.	
Should	 the	 higher	 case	 scenario	 be	 considered,	 then	 around	 27	 trips	 would	 be	 necessary,	 thus	 GHGs	
production	would	rise	up	to	around	500	tonnes	of	CO2	equivalents,	 in	the	front	of	177.000	litres	of	diesel	














































































































































Barcelona-La	Spezia	 182,22	 116,84	 411,03	 264,07	 518,70	 327,32	 1170,00	 739,76	























































LNG	 306,03	 199,55	 466,03	 294,12	
MDO	 350,07	 228,46	 533,52	 336,67	
HFO	 340,35	 222,11	 518,70	 327,32	
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LNG	 690,30	 450,99	 1.051,20	 664,73	
MDO	 789,63	 516,32	 1.203,43	 760,90	















































Non-methane	hydrocarbon	(NMHC)	(kg)	 348,33	 222,11	 518,70	 339,01	
Sulfur	dioxide	(SO2)	(kg)	 5226,90	 3366,72	 7780,50	 5003,32	
Nitrogen	oxides	(NOx)	(kg)	 6104,70	 3927,84	 9097,20	 5833,31	






energy	 consumption	 of	 around	 78.000	 litres	 of	 diesel	 equivalent	 throughout	 the	 year	 to	 meet	 demand	
requirements	in	a	2025	perspective.	
Should	 the	 higher	 case	 scenario	 be	 considered,	 then	 around	 27	 trips	 would	 be	 necessary,	 thus	 GHGs	
production	would	rise	up	to	around	500	tonnes	of	CO2	equivalents,	 in	the	front	of	177.000	litres	of	diesel	
































2200	m3	feeder	ship	 7500	m3	bunkering	vessel	 2200	m3	feeder	ship	 7500	m3	bunkering	vessel	
Non-methane	hydrocarbon	(NMHC)	(kg)	 348,33	 222,11	 518,70	 339,01	
Sulfur	dioxide	(SO2)	(kg)	 187,36	 120,68	 278,89	 179,35	
Nitrogen	oxides	(NOx)	(kg)	 3.766,68	 2.423,53	 5.613,09	 3.599,23	





































2200	m3	feeder	ship	 7500	m3	bunkering	vessel	 2200	m3	feeder	ship	 7500	m3	bunkering	vessel	
Non-methane	hydrocarbon	(NMHC)	(kg)	 340,35	 217,08	 506,73	 331,29	
Sulfur	dioxide	(SO2)	(kg)	 2,00	 1,40	 3,19	 1,99	
Nitrogen	oxides	(NOx)	(kg)	 917,70	 590,46	 1.367,37	 876,87	

































2200	m3	feeder	ship	 7500	m3	bunkering	vessel	 2200	m3	feeder	ship	 7500	m3	bunkering	vessel	
Non-methane	hydrocarbon	(NMHC)	(kg)	 785,70	 501,98	 1.170,00	 766,18	
Sulfur	dioxide	(SO2)	(kg)	 11.790,00	 7.608,96	 17.550,00	 11.307,76	
Nitrogen	oxides	(NOx)	(kg)	 13.770,00	 8.877,12	 20.520,00	 13.183,58	


































2200	m3	feeder	ship	 7500	m3	bunkering	vessel	 2200	m3	feeder	ship	 7500	m3	bunkering	vessel	
Non-methane	hydrocarbon	(NMHC)	(kg)	 785,70	 501,98	 1.170,00	 766,18	
Sulfur	dioxide	(SO2)	(kg)	 422,62	 272,74	 629,08	 405,33	
Nitrogen	oxides	(NOx)	(kg)	 8.496,27	 5.477,30	 12.661,11	 8.134,44	








































2200	m3	feeder	ship	 7500	m3	bunkering	vessel	 2200	m3	feeder	ship	 7500	m3	bunkering	vessel	
Non-methane	hydrocarbon	(NMHC)	(kg)	 767,70	 490,62	 1.143,00	 748,74	
Sulfur	dioxide	(SO2)	(kg)	 4,50	 3,17	 7,20	 4,49	
Nitrogen	oxides	(NOx)	(kg)	 2.070,00	 1.334,47	 3.084,30	 1.981,76	
Particulate	matter	(PM10)	(kg)	 41,40	 26,42	 60,30	 39,37	
	
	198	
7.3.7 Waterborne	 transport’s	 energy	 consumption,	 GHGs	 and	 air	 pollutants:	 single	 trips	
performances	and	elaboration	with	an	eye	towards	estimations	of	the	impacts	to	cover	the	
entire	LNG	demand	for	the	port	of	La	Spezia	from	suitable	planned	terminals	








































































































































Oristano-La	Spezia	 111,81	 71,68	 252,21	 162,01	 310,57	 202,68	 700,54	 458,06	

















































LNG	 47,48	 30,39	 279,30	 182,13	
MDO	 54,17	 34,75	 319,45	 208,47	

















































LNG	 107,10	 68,69	 630,00	 411,62	
MDO	 122,19	 78,54	 720,55	 471,15	









































Non-methane	hydrocarbon	(NMHC)	(kg)	 53,87	 34,95	 317,85	 202,68	
Sulfur	dioxide	(SO2)	(kg)	 798,00	 526,05	 4769,63	 3072,18	
Nitrogen	oxides	(NOx)	(kg)	 957,60	 607,88	 5570,63	 3584,21	
Particulate	matter	(PM10)	(kg)	 109,73	 70,49	 655,37	 416,02	

























2200	m3	feeder	ship	 7500	m3	bunkering	vessel	 2200	m3	feeder	ship	 7500	m3	bunkering	vessel	
Non-methane	hydrocarbon	(NMHC)	(kg)	 53,87	 34,95	 317,85	 202,68	
Sulfur	dioxide	(SO2)	(kg)	 28,60	 18,86	 170,97	 110,12	
Nitrogen	oxides	(NOx)	(kg)	 590,85	 375,07	 3.437,15	 2.211,51	






































2200	m3	feeder	ship	 7500	m3	bunkering	vessel	 2200	m3	feeder	ship	 7500	m3	bunkering	vessel	
Non-methane	hydrocarbon	(NMHC)	(kg)	 52,67	 34,13	 310,82	 198,03	
Sulfur	dioxide	(SO2)	(kg)	 0,40	 0,23	 2,00	 1,29	
Nitrogen	oxides	(NOx)	(kg)	 144,04	 91,42	 837,50	 538,79	
Particulate	matter	(PM10)	(kg)	 2,79	 1,87	 16,76	 10,75	




























Non-methane	hydrocarbon	(NMHC)	(kg)	 121,50	 79,00	 716,96	 458,06	
Sulfur	dioxide	(SO2)	(kg)	 1800,00	 1188,90	 10758,56	 6943,29	
Nitrogen	oxides	(NOx)	(kg)	 2160,00	 1373,84	 12565,34	 8100,51	






































2200	m3	feeder	ship	 7500	m3	bunkering	vessel	 2200	m3	feeder	ship	 7500	m3	bunkering	vessel	
Non-methane	hydrocarbon	(NMHC)	(kg)	 121,50	 79,00	 716,96	 458,06	
Sulfur	dioxide	(SO2)	(kg)	 64,52	 42,62	 385,64	 248,88	
Nitrogen	oxides	(NOx)	(kg)	 1.332,75	 847,68	 7.752,98	 4.998,12	
Particulate	matter	(PM10)	(kg)	 24,01	 15,46	 143,43	 91,23	

























2200	m3	feeder	ship	 7500	m3	bunkering	vessel	 2200	m3	feeder	ship	 7500	m3	bunkering	vessel	
Non-methane	hydrocarbon	(NMHC)	(kg)	 118,80	 77,15	 701,10	 447,55	
Sulfur	dioxide	(SO2)	(kg)	 0,90	 0,53	 4,50	 2,91	
Nitrogen	oxides	(NOx)	(kg)	 324,90	 206,60	 1.889,10	 1.217,70	













infrastructure-based	 supply	 chain,	 Consorzio	 906	 in	 collaboration	with	Grimaldi	 as	 a	 stakeholder,	 carried	
out	a	pioneering	multimodal	shipment	of	ISO-container	for	LNG	making	best	use	of	the	Motorways	of	the	





This	 test	 is	a	 first-of-a-kind	 in	 the	Mediterranean.	We	are	 talking	about	 the	 first	 intermodal	 transport	on	












of	 Interior)	 to	 the	 temporary	 storage	 of	 cryogenic	 units	 within	 ADR	 areas	 (dangerous	 goods)	 in	 ports,	
passing	through	the	systematization	of	a	combined	transport	that,	so	far,	is	unprecedented.	
The	 next	 trials	 are	 under	 definition,	 with	 a	 soft	 spot	 on	 the	 central-southern	 Italy,	 where	 the	 LNG	
infrastructure	 is	 less	 developed.	 In	 this	 context,	 the	 opportunity	 of	 involving	 the	 ports	 of	 Salerno	 and	














This	pilot	 test	demonstrated	 the	effectiveness	of	 the	 ISO-container	as	a	versatile	and	 flexible	solution	 for	
transporting	natural	gas.	It	facilitates	the	loading	and	unloading	of	LNG	and	can	be	easily	handled	from	one	
means	of	transport	to	another,	allowing	the	gas	to	travel	long	distances	in	a	faster	and	safer	manner.	At	the	







• Rail	 transport	 of	 LNG	 it’s	 at	 an	 infancy	 stage,	 and	 the	 same	 is	 said	 for	 LNG	 transport	 in	
containerized	units	loaded	onboard	ships:	this	makes	the	results	regarding	the	simulations	on	costs,	
transit	 time,	 energy	 efficiency	 and	 air	 emissions	 less	 relevant,	 appealing	 and	 realistic	 for	 these	
particular	transport	mode;		




Different	 is	 the	 case	 of	 another	 kind	 of	 LNG	 “mobile	 infrastructure”,	which	 is	 far	 from	 being	 at	 piloting	
stage,	while	is	rapidly	experiencing	a	roll-out	phase,	namely	the	LBVs	(LNG	Bunkering	Vessels).		
In	this	regard	it	has	to	be	recalled	that	real	life	LNG	ship-to-ship	(STS)	bunkering	in	the	EU	is	now	in	its	sixth	






Yet,	 until	 2017,	 Seagas	remained	 the	 sole	
practitioner	of	this	method	of	fuelling	LNG-powered	
ships.	It	was	only	in	that	year	that	the	new	LBV	era	
really	 began	 to	 take	 hold,	 when	 the	 first	 three	
purpose-built	LNG	fuellers	entered	service,	namely:	
the	 Zeebrugge-based	 5.000	 m3	Engie	 Zeebrugge;	
the	 6.500	m3	Cardissa	in	 Rotterdam	 and	 the	 5.800	
m3	Coralius,	serving	in	the	western	Baltic	Sea.	
These	and	the	many	other	LBV	newbuildings	set	to	
follow,	 are	 enabling	 the	 growing	 fleet	 of	 gas-
powered	 ships	 to	 be	 fuelled	 in	 a	 safer	 and	 more	
timely	 and	 efficient	 manner	 than	 is	 possible	 with	
jettyside	truck-to-ship	LNG	transfers.		
2017	 was	 also	 notable	 for	 the	 newbuilding	
contracts	 for	 four	 7,500-m3	coastal	 LNG	 carriers,	
also	 being	 able	 of	 offering	 STS	 bunkering	 services,	
comprising	 two	 for	 Korea	 Line	 and	 two	 for	 Stolt-
Nielsen	 Gas,	 and	 all	 scheduled	 for	 2019-2020	
completions.		
2017	was	also	notable	for	the	newbuilding	contracts	for	four	7,500-m3	coastal	LNG	carriers,	also	being	able	
of	 offering	 STS	 bunkering	 services,	 comprising	 two	 for	 Korea	 Line	 and	 two	 for	 Stolt-Nielsen	Gas,	 and	 all	
scheduled	for	2019-2020	completions.		







Seagas                                2013               180 
Engie Zeebrugge                 2017               5,000 
Cardissa                              2017               6,500 
Coralius                               2017               5,800 
Oizmendi                             2018               600 
Coral Methane                     2018               7,500 
Kairos                                  2018               7,500 
Clean Jacksonville               2018               2,200 
FlexFueler1                          2018               760 
Stolt-Nielsen Gas                 2019               7,500 
Stolt-Nielsen Gas                 2019               7,500 
Korea Line                            2019               7,500 
Korea Line                            2019               7,500 
Victrol/CFT                           2019               3,000 
Total/MOL                            2020               18,600 
Q-LNG                                 2020               4,000 
FueLNG                               2020               7,500 






















Being	 understood	 the	 above,	 and	 in	 addition	 to	 the	 considerations	 on	 costs,	 transit	 time,	 energy	
consumption	and	air	emissions,	 there	are	other	elements	 that	 shall	be	 taken	 in	due	account	 to	come	up	
with	a	realistic	supply	and	bunkering	scenario	from	a	practical	point	of	view.	
Although	there	is	no	clear	evidence	in	literature,	the	emerging	of	the	SS	LNG	market	is	rising	a	number	of	
issues	 related	 to	 fiscal	 aspects	 of	 the	 LNG	 transfer	 operations,	 in	 particular	 as	 far	 as	 the	 STS	 bunkering	
option	is	concerned.	If	the	unloading	of	a	LNG	feeder	vessel	to	a	coastal	storage	plant	in	a	single	operation	
is	 already	 ruled	 and	 does	 not	 pose	 significant	 problems,	 the	 case	 of	 a	 large	 bunkering	 ship	 which	may	

























2. An	 LNG	 bunkering	 vessel	 to	 be	 shared	 among	 the	 ports	 of	 the	 Thyrrhenial	 Ligurian	 Basin,	 with	









Given	 the	 flexibility	 and	 proven	 reliability	 of	 the	 proposed	 concept	 for	 modular	 SS	 storage	 and	 local	
distribution	plant	envisaged	 for	 the	port	of	 La	Spezia,	 it	 is	believed	 that	 the	such	concept’s	development	
could	contribute	strength	the	argument	in	favour	of	such	concept’s	replicability	in	other	ports	and	locations	
in	the	Tyrrhenian	Ligurian	basin,	in	the	Italian	Peninsula	and	in	the	Med	Area.	
Being	 understood	 that	 the	 reproducibility	 of	 the	 calculation	methodology	 is	 essential	 to	 provide	 a	 clear	
allocation	 of	 emissions	 related	 to	 physically	 complex	 scenarios,	 the	 viability	 of	 a	 proven	 	 tool	 such	 as	
EcoTransit	was	 tested	 and	 provided	 interesting	 outcomes.	With	 this	 in	mind,	 the	 research	 object	 of	 this	
document	addresses:		
• Future	owners/managers	of	 the	LNG	Small	Scale	 facility	 in	 the	Port	of	La	Spezia	willing	 to	 reduce	
the	environmental	impact	of	their	LNG	supply;		
• Carriers,	 LNG	 suppliers	 and	 logistic	 providers	 being	 confronted	 with	 growing	 requests	 from	
customers	as	well	as	 legislation	to	show	their	carbon	footprint	and	 improve	their	 logistical	chains	
from	an	environmental	perspective;		
• Political	 decision	 makers,	 maritime	 and	 port	 authorities,	 consumers	 and	 non-governmental	
organisations	 which	 are	 interested	 environmental	 comparisons	 of	 supply	 concepts	 including	 all	
applicable	 transport	 modes	 (lorry,	 railway,	 ship,	 and	 combined	 transport),	 covering	 an	 array	 of	
environmental	parameters	 that	spans	 from	energy	consumption,	greenhouse	gases	 (measured	as	





This	 paper	 offered	 a	 focus	 on	 a	 particular	 case	 study,	 while	 at	 the	 same	 time	 broadening	 the	 scope	 of	
investigation	by	providing	insights	on	the	trends	on	Small	Scale	bunkering	services.	
Stemming	 from	 the	 knowledge	 and	 experience	 gained	 within	 the	 course	 of	 EU-funded	 trans-national	
projects,	 this	 study	 focused	 on	 investigating	 the	 critical	 aspects	 (from	 an	 environmental,	 energy	 and	
economic	point	of	view)	of	the	LNG	supply	chain	for	the	Port	of	La	Spezia	(Italy).		










Different	 scenarios	 for	 ensuring	 adequate	 supply	 to	 cover	 the	 entire	 LNG	 demand	 have	 been	 studied	
considering	 the	 existing	 supply	 sources	 in	 Europe,	 resulting	 in	 simulations	 on	 costs	 and	 transit	 time	 for	
supplying	 of	 LNG	 from	 selected	 terminals	 of	 origin	 and	 assessments	 of	 supplying	 of	 LNG	 by	 barge	 from	
Panigaglia	or	by	tanker	from	international	terminals	through	different	pathways.		




As	a	 result,	 the	paper	 looks	 into	 the	overall	aspects	of	 the	small	 scale	LNG	chain	 in	 the	Port	of	La	Spezia	
from	 a	 technical,	 energy,	 environmental	 and	 economical	 point	 of	 view,	 providing	 insights	 to	 further	






Industry	 pioneers	 in	 the	Med	Area	 and	 in	 the	 Tyrrhenian	 Ligurian	basin	 that	 are	 investing	 in	 Small	 Scale	
plants	and	solutions	will	inspire	others	to	follow.	
Improvements	to	project	economics	are	expected	from	standardisation	and	modularisation	of	production	
facilities.	 The	 Small	 Scale	 LNG	business	 opens	 the	 possibility	 to	 implement	 and	 deploy	more	 challenging	
LNG	technology	concepts	more	quickly	and	cost-effectively,	which	can	benefit	the	conventional	large-scale	
LNG	industry	as	well.	





























− The	 Italian	 terminals	 do	not	 allow	 the	 loading	of	 tankers	 that	 deliver	 the	 LNG	 to	 the	 final	 users.	
realization	of	operational	coastal	deposits	between	2019	and	2020	
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B6	 –	 Waterborne	 transport	 2020	 scenario.	 GHGs	 and	 air	 pollutants	 emissions	 related	 to	
waterborne	transport	to	supply	La	Spezia	with	LNG	from	planned	suitable	terminals	via	2200	m3	
or	7500	m3	feeder	ships	(LNG/conventional	fuel	comparison).	
	
Livorno	–	La	Spezia	
	
	 	
Charts	comparison	of	energy	consumption,	GHGs	and	air	pollutants	emissions	related	to	LNG	transport	by	ship	to	
supply	La	Spezia	from	Livorno	(single	trip)	with	a	2200	m3	feeder	ship	(left)	or	a	7500	m3	carrier	(right)	using	MDO	as	
fuel.	Data	derived	from	HFO’s	values,	using	MDO’s	main	engine	emission	factors	(values	in	g/g	fuel)	of	IMO’s	third	
GHG	Study.		
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Values	comparison	of	energy	consumption,	GHGs,	Air	pollutants	emissions	related	to	LNG	transport	by	ship	to	supply	
La	Spezia	from	Livorno	(single	trip)	with	a	2200	m3	feeder	ship	(left)	or	a	7500	m3	carrier	(right),	using	MDO	as	fuel.	
Data	derived	from	HFO’s	values,	using	MDO’s	main	engine	emission	factors	(values	in	g/g	fuel)	of	IMO’s	third	GHG	
Study.		
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Charts	comparison	of	energy	consumption,	GHGs	and	air	pollutants	emissions	related	to	LNG	transport	by	ship	to	
supply	La	Spezia	from	Livorno	(single	trip)	with	a	2200	m3	feeder	ship	(left)	or	a	7500	m3	carrier	(right)	using	LNG	as	
fuel.	Data	derived	from	HFO’s	values,	using	LNG’s	main	engine	emission	factors	(values	in	g/g	fuel)	of	IMO’s	third	GHG	
Study.		
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Values	comparison	of	energy	consumption,	GHGs,	Air	pollutants	emissions	related	to	LNG	transport	by	ship	to	supply	
La	Spezia	from	Livorno	(single	trip)	with	a	2200	m3	feeder	ship	(left)	or	a	7500	m3	carrier	(right),	using	LNG	as	fuel.	
Data	derived	from	HFO’s	values,	using	LNG’s	main	engine	emission	factors	(values	in	g/g	fuel)	of	IMO’s	third	GHG	
Study.		
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Charts	comparison	of	energy	consumption,	GHGs	and	air	pollutants	emissions	related	to	LNG	transport	by	ship	to	
supply	La	Spezia	from	Oristano	(single	trip)	with	a	2200	m3	feeder	ship	(left)	or	a	7500	m3	carrier	(right)	using	MDO	as	
fuel.	Data	derived	from	HFO’s	values,	using	MDO’s	main	engine	emission	factors	(values	in	g/g	fuel)	of	IMO’s	third	
GHG	Study.		
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Values	comparison	of	energy	consumption,	GHGs,	Air	pollutants	emissions	related	to	LNG	transport	by	ship	to	supply	
La	Spezia	from	Oristano	(single	trip)	with	a	2200	m3	feeder	ship	(left)	or	a	7500	m3	carrier	(right),	using	HFO	as	fuel.	
Data	derived	from	HFO’s	values,	using	MDO’s	main	engine	emission	factors	(values	in	g/g	fuel)	of	IMO’s	third	GHG	
Study.		
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Charts	comparison	of	energy	consumption,	GHGs	and	air	pollutants	emissions	related	to	LNG	transport	by	ship	to	
supply	La	Spezia	from	Oristano	(single	trip)	with	a	2200	m3	feeder	ship	(left)	or	a	7500	m3	carrier	(right)	using	LNG	as	
fuel.	Data	derived	from	HFO’s	values,	using	LNG’s	main	engine	emission	factors	(values	in	g/g	fuel)	of	IMO’s	third	GHG	
Study.		
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Values	comparison	of	energy	consumption,	GHGs,	Air	pollutants	emissions	related	to	LNG	transport	by	ship	to	supply	
La	Spezia	from	Oristano	(single	trip)	with	a	2200	m3	feeder	ship	(left)	or	a	7500	m3	carrier	(right),	using	LNG	as	fuel.	
Data	derived	from	HFO’s	values,	using	LNG’s	main	engine	emission	factors	(values	in	g/g	fuel)	of	IMO’s	third	GHG	
Study.		
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